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ON SOME MULTI-SITE MULTI-SEASON 




Research Memoranda are interim reports on research being con- 
ducted by the International Institute for Applied Systen~s Analysis, 
and as such receive only limited scientific review. Vicws or opin- 
ions contained herein do not necessarily represent thosc o f  the 
institute or of  the National Member Organizations supporting the 
Institute. 
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
PREFACE 
I n  accordance  w i th  t h e  sugges t i ons  o f  t h e  IIASA 
Plann ing  Conference h e l d  i n  June  1973 and w i t h  sub- 
s equen t  d i s c u s s i o n s  w i t h  IIASA Na t iona l  Member 
Organ i za t i ons ,  t h e  IIASA Water P r o j e c t  ( p r e s e n t l y  
t h e  Water Group o f  t h e  Resources and Environment 
Area)  c o n c e n t r a t e d  du r ing  t h e  y e a r s  1974-1975 on 
s p e c i f i c  problems o f  an u n i v e r s a l  methodology f o r  
p l ann ing ,  de s ign  and o p e r a t i o n  o f  wa t e r  r e s o u r c e  
systems.  
Taking i n t o  accoun t  t h e  impor tance  o f  s tream- 
f low g e n e r a t i o n  models f o r  t h e  de s ign  and o p e r a t i o n  
o f  complex wa t e r  r e s o u r c e  sys tems,  a  s p e c i a l  s t udy  
w a s  under taken on " In te rcompar i son  and improvement 
o f  e x i s t i n g  s t o c h a s t i c  models o f  m u l t i - s i t e  and 
mul t i - season  s t reamflow g e n e r a t i o n " .  
T h i s  paper  d e s c r i b e s  t h e  r e s u l t s  o f  in-house 
r e s e a r c h  concerned w i t h  t h e  comparison o f  t h r e e  
models and w i t h  t h e  development o f  a computer 
package f o r  m u l t i - s i t e  mul t i - season  s t reamflow 




The r e l a t i v e  performance o f  some m u l t i - s i t e  
mul t i -season models i s  compared w i th  r e s p e c t  t o  
t h e i r  adequacy f o r  s i m u l a t i n g  monthly s t reamflow 
sequences .  The t h r e e  models b rought  under examina- 
t i o n  a r e  t h e  extended v e r s i o n  o f  t h e  m u l t i - v a r i a t e  
model proposed by Matalas  (1967) , t h e  model formu- 
l a t e d  by Young and P i sano  (1968) ,  and t h e  d i saggre -  
g a t i o n  model o f  Valencia  and Schaake (19721.. 
Computer implementat ion o f  t h e s e  models ha s  been 
accomplished i n  t h e  form o f  t h e  M u l t i - s i t e  Mult i-  
season  Streamflow Generat ion Package (IYMSGP). 
Eva lua t i on  and comparison o f  t h e  models has  been 
c a r r i e d  o u t  i n  terms of  s t a t i s t i c a l  f low parameters  
on ly .  Some o f  t h e s e  paramete rs  a r e  n o t  e x p l i c i t l y  
b u i l t  i n t o  t h e  model s t r u c t u r e .  A t  t h e  end,  some 
g e n e r a l  comments concern ing  a p p l i c a b i l i t y  o f  each 
model a r e  p r e sen t ed .  
* 
Since  t h i s  phase o f  i n v e s t i g a t i o n s  was completed,  
Mejia and Roussele  (1976) have proposed m o d i f i c a t i o n  
o f  t h e  d i s a g g r e g a t i o n  model which w i l l  be  t aken  i n t o  
account  i n  t h e  f u r t h e r  work on t h e  MblSGP. 
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v i i i  
1. Introduction 
Over the last decade it has been generally recognized 
that digital simulation is usually almost the only technique 
which can be practically applied for design or analysis of a 
complex water resources system. The major reason simulation 
is so attractive for such studies is the great generality of 
the problem formulation to which it can be applied. ~onlineari- 
ties in the system equations can easily be handled. Constraints 
on state variables introduce no difficulty, stochastic effects 
can be taken into account. 
Typically, the data available on the stochastic nature 
of hydrologic system inputs cons'sts of a limited set of 
observations. Very rarely is there considered to be a suffi- 
cient period of record available to span all possible ways 
that the river flow might occur. It is known, however, that 
there is a large amount of information contained in recorded 
flow data that is not effectively used when simulation is 
based solely on the historical streamflow sequences. To over- 
come this inadequacy, the concept of streamflow synthesis has 
been introduced about 15 years ago by the pioneering works of 
Thomas and Fiering (1962) in the USA and of Svanidse (1964) 
in the USSR. Today, stochastic techniques of streamflow synthesis 
or generation are referred to as synthetic or operational hydro- 
logy. These techniques enable the planner to subject alternative 
water resources system designs to a set of synthetic streamflow 
consequences, each of which statistically resembles the historical 
one. Simulation of the system operation based on a large number 
of equally likely synthetic streamflow sequences, provides the 
planner with a means of estimating the expected risks and losses 
associated with a particular design of a water resources system. 
Autoregressive Markovian generation models have an impor- 
tant place in the theory of stochastic modelling of streamflow 
sequences, and they also are most commonly used in practical 
applications. This refers specially to modelling of seasonally 
varying processes occurring at several locations in the river 
basin. Water management is essentially spatial in concept and 
generation models which accommodate both temporal (serial) and 
spatial (cross) correlation of river flows are needed in most 
of the actual planning projects. 
This report is concerned with the multivariate streamflow 
generation model originally formulated by Matalas (1967) and the 
disaggregation model proposed by Valencia and Schaake (1972). 
The objective of this research was to compare the performance 
of these models with respect to their adequacy for simulating 
monthly streamflow sequences. The stationary model of Matalas 
was adopted for generation of monthly flows in two versions. The 
first of them follows the proposal of Bernier (1971), while the 
second one is based on the approach advised by Young and Pisano 
(1968). Computer implementation of all models has been accomp- 
lished in form of a Multi-site - Multi-season - Streamflow - Generation - 
Package (MMSGP). The MMSGP can be used for sequential generation 
- 
of annual and seasonal streamflow sequences (in principle any 
subdivision of a year) as well as for disaggregation of annual 
synthetic sequences into the seasonal ones. The investigations 
were limited to lag-one Markovianmodel of both mean annual and 
mean monthly streamflow events, and they do not cover analysis 
of long-run dependencies (e.g. Hurst phenomenon). In accordance 
with the results of many investigations (e.g. Yevjevich, 1964) 
the second order stationarity of annual streamflow series is 
assumed. Describing the models, all flow sequences are assumed 
to be standardized with zero mean and standard deviation of one. 
The capital letters denote the matrices. 
Three sets of historical mean monthly streamflow records 
from Canada (26 years, 3 sites), Czechoslovakia (40 years, 4 sites) 
and Poland (25 years, 4 sites) were used for testing consecu- 
tive versions of the MMSGP. The final version presented in this 
report is operationally correct, although a considerable number 
of various problems encountered during investigations require 
further work. Most of these problems are rather typical for all 
studies on synthetic hydrology. It is hoped that their orderly 
discussion may throw some light on future research in this area. 
2 .  The A u t o r e g r e s s i v e  - -- S e c j u e n t i a l ,  a n d  . t h s  Dj.sacjgrec;ation 
---- - ----- 
Stresrnf  l o w  ( ; e n e r a t i o n  I\/ludels 
Fo r  t h e  yene ra t i . on  o f  a n n u a l  s y n . t h e t i c  f : l o t ~ s  ~ i :  li s ;  t e s ,  
t h e  m u l t i v a r i a t e  s t a t i - o n a r y  lag- -one  Markov model ( P i a t a l a s :  1967)  
may b e  wri-t:-ten a s :  
f o r  i = l , . , . , z  
where  Xi and Xi - a r e  ( n  x 1 )  m a t r i c e s  whose e l e m e n t s  a r e  - t he  
a n n u a l  f l o w s  a t  a l l  s i t e s  i n  y e a r s  i and  i - 1  r e s p e c t i v e l y .  The 
z d e n o t e s  t.he d e s i r e d .  l e n g t h  o f  s y n t h e t i c :  s e q u e n c e s  (nun~be r  o f  
y e a r s ) .  The ci i s  a n  ( n  x '1) m a t r i x  of randoin components  t h a t  
a r e  N r m  ( 0 , 1 )  d i s t r i b u t e d  and i n d e p e n d e n t  o f  Xi,- . The ( n  x n )  
A and  B rns;triees s p e c i f y  t h e  t i m e  and  s p a c e  i n t e r d e p e n d e n c e  o f  
f l o w s .  They a r e  e s t i m a t e d  f rom -the h i s t o r i c  seq-clences in s -uch  
a  way t h a t  t h e  m u l t i v a r i a t e  s y n t h e t i c  s e q u e n c e s  g e n e r a t e d  by 
a p p l i c a t i o n  o f  s q u a t i o n  ( 1 )  w i l l  r e s e m b l e  t h e  his .2or i .c  s e q u e n c e s  
i n  t e r m s  of the mean v a l u e s ,  s t a n d a r d  d e v i a t i o n s ,  and l ag -one  
s e r i a l ,  l a g - o n e  c r o s s  and  bag-zero  c r o s s  cor ; :e la t ion c o e f f i c i e n t s  
o f  t h e  a n n u a r ~  f l o w s .  The e lements  o f  m a t r i c e s  A and  B a r e  
es t ima . t ed  t h r o u g h  s o l v i n g  t h e  fo l lowinc j  n1atrri.x e q u a t i o n s  : 
where  R and  R ,  a r e  t h e  l a g - z e r o  and  lag-one a m u a l  c o r r e l a t i o n  
0 
m a t r i c e s  r e s p e c t i v e l y .  
D e r i v a t i o n  o:E e q u a t i o n s  ( 2 )  and  ( 3 )  mav be found i n  t h e  
above  q u o t e d  work of M a t a l a s  (1967)  a s  w e l l  a s  i n  t h e  w e l l  known 
monograph o f  Anderson (1  958)  on . the  m u l t i v a r i a t e  s t a t i s t i c a l .  
a n a l y s i s .  
The elements of the Ro and R1 matrices can be estimated 
as follows: 
for k,l = 1, ..., n 
for k,l = 1, ..., n 
It can be seen from equation (5) that common assumption of 
circular series is not employed in the study. It has been ascer- 
tained that in case of small sample size comparatively minor 
change in the flow sequence distort the estimation of lag-one 
correlation coefficients significantly. 
The statistical analysis of the monthly flow sequences in- 
volves a consideration of stationarity not generally a problem 
in annual flow series. The monthly sequences are composed of 
values from 12 different populations, which fact accounts for 
their non-stationarity. Since a theory for non-stationary 
processes is practically nonexisting, Young and Pisano (1967) 
applied to the multivariate case the single site residual method 
of Yevjevich (1966) to achieve stationarity in the mean and stan- 
dard deviation of the monthly flow series. This was accomplished 
by subtracting the appropriate monthly mean from the actual flow 
and dividing the result by the appropriate monthly standard 
deviation (standardization). Following estimation of R and R1 
0 
matrices from the residual series, equation ( 1 )  was used for 
generation of synthetic residuals which next were destandardized 
into synthetic monthly flows. It is known, however, that removal 
of non-stationarity in the mean and standard deviation is not 
sufficient to achieve the second-order stationarity. Such an 
approach presumes that the seasonal fluctuation in the lag-one 
correlation coefficients can be ignored (O'Connell, 1972). 
Anothe r  a p p r o a c n  (B~3rnj.~:; .  , 'i 9'7'1 j -talces e::plj .ci t ly 
i n t o  a c c o u n t  usua l . ly  h:iqh:~:/ 5 ig i~ . i . . ? ican t  v ~ . z . i a - t i o n  of c c ; r r e l a t i o n  
n ' between t h e  f l o w s  c f  -i-i:\~i. su< ,c~ : : s i . , ; ~  .nonths-. . ~ a : ; i n g  ii?-i:z a c c o u n t  
t h e  c y c l i c  c h a r a c t e r  cjf r~ioiii:l~.t.~l floiq s!eque~icec;, t h e  model j.s th .en 
t h e  s e t  o f  12 regress:i .on zqu~i? ' .o r l s  which ma.:! h,? wri t t ! i?  i n  
g e n e r a l  form a s :  
where  
where  Xi ,  and  X a r e  t he  (n x 1 \ rn;.,t-rices whose e l e m e n t s  a r e  i r u  
t h e  mon th ly  f l o w s  a t  all s:it.es i n  mcntha .t: aiid u  o f  y e a r s  -i an.3 
j r e s p e c t i v e l y .  The e .  . a  ( n  x 'I j matlr ix  o f  raridonl compo- 
1 , I- 
n e n t s  t h a t  a r e  N r m  !0, . ' l )  u i s r i r , i b i l t ed  a::;& i adependen- t  of X i l u '  
The e l e m e n t s  o f  eaci! pai.l: of ?he (n x n) r n a t r l z e s  A a n d  Bt a r e  t 
e s t i m a t e d  t h r o u g h  sclvi..nc, s i ~ n i  ia.1- e q i : ~ a t i c . i ~ ~  a s  ( 2 )  and ( 3 )  which  
t a k e  form: 
where  R and R o , t - l  a r e  l a y  .-ze-rci mon.thi y L : o r r e l a t  ioil ;zatr.:ices 
o , t  
i n  months t and  t - l  r e s p e c t . i v e l y ,  The K .is lag. -one month ly  
1 r t  
c o r r e l a t i o n  m a t r i x ,  w'hose cl .ement .s  a r e  l ag -one  s e r i a l  c o r r e l a - t i o n  
c o e f f i c i e n t s  o f  mon-thiy .fl.ow:; 3.t  e a c h  s i t e  and  l ag -one  c r o s s  
c o r r e l a t i o n  c o e f f i c i e r l t s  o f  mon.c.hly f l o w s  a t  di .f  f e r e n t  s i tes .  
The s y n t h e t i c  s e q u e n c e s  resen lP le  tile h i s t o r i c  s e q u e n c e s  i n  
terms o f  mean v a l u e s ,  s ta .n .dard c le . r~iat iosis  .. i.aq-..one s e r i a l  , l a g -  
z e r o  c r o s s ,  and  l ag -one  c r o s s  co.rr-ela t i o n  c o e f f i - c i e n t a  o f  mon th ly  
f l o w s .  
The elements of the R 
o,t (or Ro,t-l! and R 1,t can be 
estimated as follows: 
for k,l = 1, . . . ,  n ; 
t = 1, ..., 12 ; 
for k,l = 1, ..., n ; 
t = 1, ..., 12 ; 
x l i , t - 1  = x l - 1 1 2  for t = 1 ; 
where x(k,i,t), x(l,i,t) and x(l,i,t-1) are the monthly flows at 
site k in year i and month t, at site 1 in year i and month t, 
and at site 1 in year i and month (t-1) respectively. 
In 1972, Valencia and Schaake have formulated the model for 
disaggregation of the synthetic sequences of annual flows into 
synthetic sequences of seasonal flows (quarterly, monthly, etc.). 
According to the authors, the disaggregation model has two major 
advantages. First one is that it may be applied in conjunction 
with any of the presently existing models for sequentially gen- 
erating annual events. The non-Markovian models, like FGN 
(Mandelbrot and Wallis, 1969) and Broken Line (Mejia, Rodriguez- 
Iturbe and Dawdy, 1972) can be applied only to the generation of 
sequences associated with stationary processes such as annual 
flows. The synthetic annual sequences generated by these models 
(taking care of long-run flow dependencies) can be step by step 
disaggregated into streamflow sequences corresponding to smaller 
time intervals. Because of the computational difficulties with 
matrices of higher order, the annual flows are usually first 
disaggregated into quarterly values, and next quarterly flows 
a r e  d i s a g g r e g a t e d  i n t o  monthly f lows .  Of c o u r s e  o t h e r  sequence  
o f  d i s a g g r e g a t i o n  may be fo i lowed  a s  w e l l .  Major a d v a n t a g e  o f  
t h e  model i s  t h a t  a t  each  l e v e l  o f  d i s a g g r e g a t i o n ,  t h e  f low 
sequences  m a i n t a i n  t h e  r e l e v a n t  s t a t i s t i c s  o f  t h e  h i g h e r  l e v e l  
( e . g .  t h e  a v e r a g e  o f  mean monthly f lows  o f  a  g i v e n  q u a r t e r  e q u a l s  
t h e  mean q u a r t e r l y  f low,  t h e  ave rage  o f  mean q u a r t e r l y  f lows  
e q u a l s  t h e  mean a n n u a l  f low,  etc.  ) . 
The e q u a t i o n  f o r  d i s a g g r e g a t i o l - ~  o f  a n n u a l  f lows  i n t o  q u a r t -  
e r l y  f l o w s  ( V a l e n c i a  and Schaake , 'I 972) i s  
f o r  i = 1 ,  ..., z 
where Xi i s  an ( n  x  1 )  m a t r i x  whose e l e m e n t s  a r e  t h e  a l r e a d y  
g e n e r a t e d  s y n t h e t i c  a n n u a l  f l o w s  a t  a l l  s i tes  i n  y e a r  i. The Yi  
i s  a n  (4n  x  1 )  m a t r i x  whose e l e m e n t s  a r e  t h e  q u a r t e r l y  f l o w s  a t  
a l l  s i t es  i n  y e a r  i. The ci  i s  an  (4n  x  1 )  m a t r i x  o f  random 
components t h a t  a r e  N r m  ( 0 , l )  d i s t r i b u t e d .  The (4n  x  n )  D m a t r i x  
and ( 4 n  x  4n) E m a t r i x  s p e c i f y  t h e  t i m e  and s p a c e  i n t e r d e p e n d e n c e  
o f  a n n u a l  and q u a r t e r l y  f lows .  The e l e m e n t s  o f  t h e s e  m a t r i c e s  
a r e  e s t i m a t e d  th rough  s o l v i n g  t h e  f o l l o w i n g  m a t r i x  e q u a t i o n s :  
where Rx = Ro (see e q u a t i o n  ( 4 ) ) .  The (4n  x  4n) R m a t r i x  s p e c i f y  
Y 
a l l  " w i t h i n - t h e - y e a r "  t empora l  and s p a c e  c o r r e l a t i o n  d e p e n d e n c i e s  
o f  q u a r t e r l y  f lows .  The (lrn x  n )  R m a t r i x  s p e c i f y  c o r r e l a t i o n  
Y X  
d e p e n d e n c i e s  between a n n u a l  f lows  and t h e  c o r r e s p o n d i n g  q u a r t e r l y  
f lows  a t  a l l  s i tes .  S i m i l a r  t o  e q u a t i o n s  ( 2 ) ,  ( 3 1 ,  ( 7 ) ,  and ( 5 1 ,  
e q u a t i o n s  ( 1 2 )  and ( 1 3 )  a r e  a g a i n  based  on t h e  t h e o r y  o f  t h e  
m u l t i v a r i a t e  normal  d i s t r i b u t i o n .  
The e l e m e n t s  o f  t h e  R and  R m a t r i c e s  c a n  be  e s t i m a t e d  
Y Y X  
a s  f o l l o w s :  
f o r  t , u  = 1 ,  ..., 4 ; 
k , l  = l , . . . , n  ; 
f o r  t = 1 ,  ..., 4 ; 
k , l  = l , . . . , n  ; 
where  y ( k , i , t )  a n d  y ( l , i , u )  a r e  t h e  q u a r t e r l y  f l o w s  a t  s i t e  k  i n  
q u a r t e r  t o f  y e a r  i ,  and  a t  s i t e  1 i n  q u a r t e r  u  o f  y e a r  i res- 
p e c t i v e l y .  The x ( 1 , i )  i s  t h e  s t a n d a r d i z e d  a n n u a l  f l o w  a t  s i t e  1 
i n  y e a r  i. 
Accord ing  t o  V a l e n c i a  and  Schaake  (1972)  it i s  s a i d  t h a t  
t h u s  g e n e r a t e d  q u a r t e r l y  s e q u e n c e s  " w i l l  r e s e m b l e ,  i n  t e r m s  o f  
t h e  e x p e c t e d  v a l u e s  o f  t h e  s e a s o n a l  s t a t i s t i c s ,  t h e  h i s t o r i c a l  
s a m p l e s " .  These  s t a t i s t i c s  a r e  t h e  means and  v a r i a n c e s  a t  t h e  
d i f f e r e n t  s t a t i o n s  ( s i t e s ) ,  t h e  c o r r e l a t i o n  between s e a s o n a l  
v a l u e s  a t  t h e  same s t a t i o n  o r  d i f f e r e n t  s t a t i o n s ,  a n d  t h e  c o r -  
r e l a t i o n  be tween  t h e  s e a s o n a l  v a l u e  a t  any  s t a t i o n  and  t h e  a n n u a l  
v a l u e  a t  any  s t a t i o n . "  I t  c a n  b e  s e e n ,  however ,  f rom e q u a t i o n  
( 1 4 )  t h a t  t h e  d i s a g g r e g a t i o n  model d o e s  n o t  t a k e  i n t o  a c c o u n t  
t h e  c o r r e l a t i o n  d e p e n d e n c i e s  between q u a r t e r l y  f l o w s  i n  t h e  l a s t  
q u a r t e r  o f  y e a r  i a n d  t h e  f i r s t  q u a r t e r  o f  y e a r  i + l .  
The e q u a t i o n  f o r  d i s a g g r e g a t i o n  o f  q u a r t e r l y  f l o w s  i n t o  
month ly  f l o w s  i s :  
f o r  i = l , . . . , ~  ; 
s = 1 ,  ..., 4 ; 
where  X i s  a n  ( n  x  1 )  m a t r i x  whose e l e m e n t s  a r e  t h e  q u a r -  i t s  
t e r l y  f l o w s  a t  a l l  s i tes  i n  q u a r t e r  s o f  y e a r  i .  The Y i s  i t s  
a n  (3n  x  1 )  m a t r i x  whose e l e m e n t s  a r e  t h e  month ly  f l o w s  a t  a l l  
s i t e s  i n  q u a r t e r  s o f  y e a r  i. The c i I s  i s  a n  ( 3 n  x  1 )  m a t r i x  
o f  random components  t h a t  a r e  N r m  ( 0 , l )  d i s t r i b u t e d .  The 
(3n  x  n )  Ds m a t r i x  and  (3n  x  3n) Es m a t r i x  s p e c i f y  t h e  s p a c e  
and  t i m e  i n t e r d e p e n d e n c e  o f  q u a r t e r l y  f l o w s  i n  q u a r t e r  s and  
t h e  c o r r e s p o n d i n g  month ly  f l o w s .  The e l e m e n t s  o f  t h e s e  m a t r i c e s  
a r e  e s t i m a t e d  t h r o u g h  s o l v i n g  t h e  f o l l o w i n g  m a t r i x  e q u a t i o n s :  
where R i s  a n  ( n  x n )  m a t r i x  t h a t  s p e c i f i e s  a l l  c r o s s  correla-  
X I  s 
t i o n  d e p e n d e n c i e s  o f  q u a r t e r l y  f l o w s  i n  q u a r t e r  s. The ( 3 n  x  3n)  
R m a t r i x  s p e c i f i e s  a l l  " w i t h i n - t h e - q u a r t e r "  t e m p o r a l  and  s p a c e  
Y 1 s 
c o r r e l a t i o n  d e p e n d e n c i e s  o f  month ly  f l o w s  i n  q u a r t e r  s. The 
( 3 n  x  n )  R 
Y X l  s 
m a t r i x  s p e c i f i e s  c o r r e l a t i o n  d e p e n d e n c i e s  be tween  
q u a r t e r l y  f l o w s  and  t h e  c o r r e s p o n d i n y  month ly  Slows a . t  a l l  s i tes .  
Each o f  t h e  R x f s  m a t r i c e s  is  b u i l t  o f  t h e  a p p r o p r i a t e  e l e m e n t s  
o f  t h e  q u a r t e r l y  c o r r e l a t i o n  m a t r i x  e s t i m a t e d  a c c o r d i n g  t o  e q u a t i o n  
( 1 4 ) .  The e1ement.s o f  RXls,  R and  K m a r t i c e s  c a n  b e  e s t i -  
Y l S  Y X l S  
mated as f o l l o w s :  
f o r  s = l I . . . / 4  ; 
k l l  = l 1 . . . , n  
for s = 1,...,4 ; 
t,u = 1, ...,3 ; 
k,l = l,...,n 
for s = 1,...,4 ; 
t = 1, ..., 3 ; 
k,l = ll...ln 
where y(k,i13(s-l)+t) and y(lli,3(s-l)+u) are the monthly flows 
at site k in month 3(s-l)+t of year i and at site 1 in month 
3(s-l)+u of year i respectively. The x(l,i,s) is the quarterly 
flow at site 1 in quarter s of year i. 
Quoting again Valencia and Schaake (1972)--"the monthly 
traces thus generated will preserve the following monthly 
statistics: means and variances, correlation between any two 
monthly values within a season (quarter) and any seasonal value 
in this season." It can be seen also from equation ( 2 0 )  that 
the disaggregation model does not take into account the cor- 
relation dependencies between monthly flows in the last month 
of quarter s and the first month of quarter s+l. 
The number of disaggregation operations at the quarterly 
level is equal to the number of years in the synthetic annual 
sequences. At the monthly level, the number of disaggregation 
operations is four times higher. 
To summarize, the Multi-site Multi-season Streamflow 
Generation Package (computer implementation of the above present- 
ed models) have been used in the study reported herein for: 
* sequential generation of annual flow sequences 
according to equation (1 ) , 
* sequential generation of monthly flow sequences 
according to equation (I), following "stationarization" 
of the process by removal of non-stationarity in the 
means and standard deviations, 
* sequential generation of monthly flow sequences 
according to equation (6), 
* disaggregation of annual flow sequences, generated by 
application of equation (I), into quarterly flows (eq.(ll)) 
and next into monthly flows (eq. (16) ) . 
Since one of the aims of the study was to check if the 
sequentially generated monthly flow sequences hold the historic 
statistics associated with the higher level of aggregation, the 
MMSGP is provided with the subroutine aggregating monthly flows 
into quarterly and annual values. At each level of aggregation 
mean values, standard deviations, skewness, kurtosis and all 
lag-zero and lag-one correlation coefficients are estimated 
Their comparison could be effected by the statistical tests, 
however, the authors have restrained themselves to the quali- 
tative analysis only. One of the reasons is that most of the 
available tests are developed for the statistics drawn from the 
normally distributed samples. The historical samples as well 
as the synthetic samples do not satisfy this requirement. 
Another reason is that for historic sample sizes usually avail- 
able in hydrology such tests have very low power. 
3. The investigations and their results 
Work.ing on the MMSGP, the authors have encountered a number 
of different problems which are discussed in this section of the 
report. First of all they pertain to normalization of historic 
streamflow sequences, estimation of sample statistics, solution 
T 
of the BB = C or EE = equations and the choice of adequate 
criteria for comparison of sequential and disagqregation models 
of monthly streamflow sequences. 
3.1 ~ormalization of historic streamflow sequences 
The hydrological literature contains many references to the 
properties of various probability distribution functions in fit- 
ting streamflow records. Unfortunately, a typical history of 
flows is quite short, between 10 and 50 years, and consequently 
the statistical tests available for testing the goodness of fit 
of theoretical distributions to large quantities of empirical 
data must be applied with great care. The selection of a distri- 
bution must involve some intuition and common sense (Fiering and 
Jackson, 1971). A similar conclusion was reached by Trykozko (1973) 
who analysed the possibilities of determination of a non-parametric 
test for selection of a distribution type. On the basis of a very 
extensive experimental material, Trykozko underlines that in case 
of the small-size samples (N < SO), differentiation of alternative 
hypotheses concerning distribution type is always highly problematic. 
AS far as the distribution of mean monthly flows is con- 
cerned, the log-normal and Pearson-type 111 distributions are 
probably most popular. In case of the two-parameter log-normal 
diskrihution, ~ransforr~~atioil y = In ( 2 : )  changes the sequence {XI 
of natural flows into the sequence {yl of the normally distribut- 
ed flows. If the historical Flows are assumed to Follow a three- 
parameter 10s-normal distribution, normalization OF the process 
involves among others estimation OF the lower bound OF the vari- 
able. The method of moments and the method of maximum likelihood 
were both tried to obtain the estimates of all distribution 
parameters, but it was found that the lower hounds are negative 
in most OF the analysed cases. Since neqative lower bound is not 
compatible with the physical properties of streamflow precesses, 
the three-parameter log-normal distribution was not used in the 
investigations reported in this paper. For the Pearson Type 111 
distribution, transformation y = 3(x leads to the approximately 
normally distributed flows. * )  Another transformation which is 
*)Instead of y = 3fx, Kaczmarek (1970) has shown that transforma- 
tion y = x O a 2 *  gives better results in the case of that distri- 
bution. 
sometimes applied without making reference to any particular 
distribution is y = 2 
<x 
In light of the above mentioned difficulties associated 
with determination of the distribution of natural flows, it was 
decided to incorporate in the MMSGP four normalization options 
(no transformation, natural logarithm, square root, cube root) 
and to.develop some criteria for the selection of transformation 
that brings natural flows closest to the normal distribution. 
All considerations in this section are based on the generally 
acknowledged hypothesis that normalization of the marginal distri- 
butions leads to the approximately normal multivariate variable. 
However, development of an adequate and easy for computer 
implementation criteria of normality proved to be difficult. 
One of the contemplated tests was to be based on comparison of 
the values of skewness and kurtosis estimated for the sequences 
"normalized" by application of different transformations. This 
is illustrated by some of the results presented in Figures 1 and 
2. Very similar results were obtained for other flow data. It 
has been noticed that all transformations reduce the skewness and 
kurtosis close to the required values of zero and three respec- 
tively, but it is very difficult to indicate which transformation 
is the best one. * 
Finally all the above listed transformation options were 
incorporated in the MMSGP, but selection of the appropriate one 
was left to the decision of the program user. All further in- 
vestigations reported in this paper have been limited to the 
sequences "normalized" by the logarithmic transformation. The 
assumption that the natural mean monthly flows follow the log- 
normal distribution is generally believed to be acceptable, and 
it could not be proved that some other distribution will better 
fit the flow data used for the investigations reported in this 
paper. An important advantage of the logarithmic transformation 
is also that the synthetic flows in the generated sequences cannot 
be negative. 
*)Some of these difficulties are due to the fact that different 
normalization options are most effective for different months 
of the same set of historical record. 
3.2 Estimation of the sample statistics 
Assuming the monthly flows to be log-normally distributed, 
the means, standard deviations and correlation coefficients 
which are used for determination of the A and B (or D and E) 
matrices can be estimated either directly from the logarithms 
of historical events or by application of the well known equa- 
tions (Aitchison and Brown, 1957) relating the statistics of 
the normal and log-normal distributions. To preserve the histori- 
cal statistics of flows rather than that of their logarithms, Matalas 
(1967) recommends application of the second of these two possibi- 
lities. Consequently, an attempt was made to employ in the MMSGP 
equations which relate parameters of the normal and log-normal 
distributions. It has been found, however, that in a good number 
of cases this approach leads to the difficulties in the solution 
T T 
of the B B ~  = C (or EE = F)  equations. The matrix B B ~  (or EE ) 
should be positive definite what is a necessary requirement in 
order for B (or E) to be real. Unfortunately, this condition 
could not be always satisfied. The reason is, that the 
relations between population statistics of the log-normal and 
normal distribution, do not necessarily hold for the sample 
statistics. This might be especially true in case of the sample 
sizes usually available in hydrology. 
Under these circumstances, it was decided to compute the 
A and B (or D and E) matrices on the basis of statistics esti- 
mated from the historical sequences following their "normaliza- 
tion". In addition to the reasons presented above, it should 
be noted that equations relating parameters of the normal and 
other than log-normal distributions are not readily available. 
However, the most important reason is that the procedure finally 
adopted for computation of the A and B (or D and E) matrices 
T 
always leads to a positive definite estimate for BB (or E E ~ )  , 
as proved by Valencia and Schaake (1972). 
Another and probably even more fundamental question pertains 
to the reliability of statistics estimated from the usually 
short historic streamflow sequences. Here comes the question 
of standard errors and biases associated with the sample statis- 
tics, the population values of which are unknown. It has been 
a s c e r t a i n e d  many t i m e s  i n  t h i s  s t u d y ,  t h a t  t h e  e s t i m a t e d  p a r a -  
meters a r e  h i g h l y  v a r i a b l e  even  f o r  a  minor  change  o f  t h e  samp1.e 
s i z e .  More d e t a i l e d  d i s c u s s i o n  o f  t h i s  p roblem f a l l s  o u t s i d e  
t h e  s c o p e  o f  t h e  p r e s e n t  p a p e r ,  however ,  f u r t h e r  advancement  o f  
s t o c h a s t i c  h y d r o l o g y  r e q u i r e s  a  c o n s i d e r a b l e  r e s e a r c h  e f f o r t  i n  
t h i s  a r e a .  One o f  t h e  p o s s i b l e  a p p r o a c h e s  migh t  be  t h e  B a y e s i a n  
i n f e r e n c e  p r o v i d i n g  f i n i t e  sample  p r o b a b i l i t y  d i s t r i b u t i o n  func-  
t i o n  f o r  t h e  unknown p a r a m e t e r s .  
T  3 . 3  S o l u t i o n  o f  t h e  BB = C o r  EET = F  e q u a t i o n s  
A s  i t  i s  known t h e r e  i s  no u n i q u e  s o l u t i o n  o f  e q u a t i o n  
B B ~  = C ( o r  EET = F )  and  t h e  u s u a l  p r o c e d u r e  t o  d e t e r m i n e  m a t r i x  
B ( o r  E) i s  by a p p l i c a t i o n  o f  t h e  p r i n c i p a l  component t e c h n i q u e  
o r  by i n t r o d u c t i o n  o f  an a s sumpt ion  t h a t  B ( o r  E )  i s  a lower  
t r i a n g u l a r  m a t r i x .  I n  t h e  MMSGP f i r s t  o f  t h e s e  t e c h n i q u e s  
i s  a p p l i e d ,  s i n c e  it seems t o  b e  t h e  more g e n e r a l  one .  I t  s h o u l d  
b e  n o t e d ,  however ,  t h a t  c o m p a r a t i v e  c o m p u t a t i o n s  have  n o t  r e v e a l e d  
s u p e r i o r i t y  o f  any one  o f  t h e s e  t e c h n i q u e s .  
3 . 4  Comparison o f  t h e  s e q u e n t i a l ,  and  t h e  d i s a g g r e g a t i o n  models  
Development o f  g e n e r a l  c r i t e r i a  f o r  e v a l u a t i o n  a n d  compar i son  
o f  g e n e r a t i o n  models  seems t o  b e  one  o f  t h e  c r i t i c a l  and  s t i l l  
u n r e s o l v e d  i s s u e s  i n  s y n t h e t i c  hydro logy .  I n  f a c t  o n e  may wonder 
i f  deve lopment  o f  u n i v e r s a l l y  a c c e p t a b l e  c r i t e r i a  i s  a  f e a s i b l e  
t a s k  a t  a l l .  Tak ing  i n t o  c o n s i d e r a t i o n  t h e  o p e r a t i o n a l  s e n s e  o f  
s y n t h e t i c  h y d r o l o g y ,  t h i s  s h o u l d  b e  p r o b a b l y  r a t h e r  a  set  o f  r u l e s  
t o  b e  fo lLowed d e p e n d i n g  on t h e  t y p e  o f  t h e  w a t e r  r e s o u r c e s  
problem t o  b e  s o l v e d  by s i m u l a t i o n  o v e r  t h e  s y n t h e t i c  s t r e a m f l o w  
s e q u e n c e s .  
A t  p r e s e n t  two a p p r o a c h e s  t o  t h i s  p roblem a r e  most common. 
F i r s t  o f  them i s  b a s e d  on t h e  c o m p a r a t i v e  a n a l y s i s  o f  some s t a -  
t i s t i c a l  p a r a m e t e r s  o f  t h e  h i s t o r i c a l  and  s y n t h e t i c  f l o w s .  One 
may l o o k  a t  t h e  model pe r fo rmance  i n  t e r m s  o f  p a r a m e t e r s  t h a t  
t h e  model was o r  was n o t  e x p l i c i t l y  c o n s t r u c t e d  t o  p r e s e r v e .  
Comparison o f  t h e  Markovian models  r e p o r t e d  h e r e i n  h a s  
been  c a r r i e d  o u t  i n  t e r m s  o f  some s t a t i s t i c a l  p a r a m e t e r s  o f  
t h e  h i s t o r i c  and  s y n t h e t i c  f l o w  s e q u e n c e s .  The a u t h o r s  r e a l i z e  
t h a t  s u c h  a n a l y s i s  c a n n o t  b e  f u l l y  c o n c l u s i v e ,  b u t  it was i n t e n d -  
e d  t o  g i v e  a t  l e a s t  a n  a c c o u n t  what c e r t a i n l y  c a n n o t  b e  e x p e c t e d  
from p a r t i c u l a r  models .  The s t a t i s t i c a l  p a r a m e t e r s  s u b j e c t  t o  
compar ison  w e r e  a v e r a g e d  o v e r  t h e  set o f  g e n e r a t e d  s y n t h e t i c  
s e q u e n c e s .  
A l l  t y p e s  o f  g e n e r a t i n g  models d i s c u s s e d  i n  s e c t i o n  2 o f  t h i s  
r e p o r t  w e r e  programmed a s  a  M u l t i - s i t e  M u l t i - s e a s o n  S t r eamf low 
G e n e r a t i o n  Package  (MMSGP) and  a p p l i e d  t o  t h e  a v a i l a b l e  monthly 
f l o w  series .  F i r s t  t h e  h i s t o r i c a l  month ly  f l o w s  w e r e  a g g r e g a t e d  
i n t o  a n n u a l  f l o w s  and e q u a t i o n  ( 1 )  was u s e d  t o  g e n e r a t e  a  se t  of  
1 0 0  y e a r s  l o n g ,  s y n t h e t i c  s e q u e n c e s  o f  a n n u a l  e v e n t s .  The r e s u l t s  
o f  s t a t i s t i c a l  e x a m i n a t i o n  o f  t h e s e  s e q u e n c e s  g e n e r a t e d  on t h e  
b a s i s  o f  t h e  P o l i s h  and Czechos lovak  f l o w  d a t a  a r e  shown i n  F i g s .  
3 and 4 .  I t  can  be s e e n  t h a t  t h e r e  i s  a  good agreement  between 
t h e  c o r r e s p o n d i n g  s t a t i s t i c s  o f  h i s t o r i c a l  and s y n t h e t i c  s e q u e n c e s .  
Now one o f  t h e  ma jo r  q u e s t i o n s  t o  b e  answered  by o u r  i n v e s t i g a t i o n s  
was i f  t h e  s e q u e n t i a l l y  g e n e r a t e d  month ly  f l o w s  m a i n t a i n  t h e  re- 
l e v a n t  a n n u a l  s t a t i s t i c s  o f  t h e  h i s t o r i c a l  r e c o r d .  The s y n t h e t i c  
monthly f l o w s  w e r e  g e n e r a t e d  by a p p l i c a t i o n  o f  e q u a t i o n  ( 6 ) .  F o l -  
lowing  a g g r e g a t i o n  i n t o  a n n u a l  e v e n t s  t h e y  w e r e  b r o u g h t  unde r  exam- 
i n a t i o n  and t h e  r e s u l t s  a r e  shown t o g e t h e r  w i t h  t h e  o t h e r  a n n u a l  
s t a t i s t i c s  i n  F i g s .  3 and 4 .  Although t h e r e  i s  a  good r e p r o d u c t i o n  
o f  h i s t o r i c a l  means,  s t a n d a r d  d e v i a t i o n s  and l a g - z e r o  c r o s s  c o r -  
r e l a t i o n  c o e f f i c i e n t s ,  t h e  s e q u e n t i a l l y  g e n e r a t e d  monthly f l o w s  
do n o t  m a i n t a i n  t h e  l ag -one  s e r i a l  and lag-one  c r o s s  s o r r e l a t i o n  
c o e f f i c i e n t s  a t  t h e  a n n u a l  l e v e l .  
I n  t h e  n e x t  s t e p ,  t h e  a n n u a l  e v e n t s  a l r e a d y  g e n e r a t e d  
by a p p l i c a t i o n  o f  e q u a t i o n  ( 1 ) w e r e  d i s a g g r e g a t e d  f i r s t  
i n t o  q u a r t e r l y  ( e q u a t i o n  11)  and n e x t  i n t o  monthly ( e q u a t i o n  16 )  
f l o w s .  I t  was i n t e n d e d  t o  examine i f  t h e  monthly f l o w s  d e r i v e d  
by d i s a g g r e g a t i o n  p r e s e r v e  t h e  r e l e v a n t  month ly  s t a t i s t i c s  o f  
t h e  h i s t o r i c a l  r e c o r d .  The r e s u l t s  o f  t h e  a n a l y s i s  a r e  d i s p l a y e d  
i n  F i g s .  5 , 6 , 7 ,  and 8 j u s t  f o r  two months o f  November and December 
( t h e  f i r s t  and t h e  second  month o f  t h e  h y d r o l o g i c a l  y e a r ) ,  f o r  two 
se ts  o f  P o l i s h  and Czechos lovak  f low r e c o r d s .  I t  c a n  be  s e e n  t h a t  
t h e r e  i s  a  s a t i s f a c t o r y  r e semblance  o f  a l l  December s t a t i s t i c s ,  
however ,  t h e  November f l o w s  d e r i v e d  by d i s a g g r e g a t i o n  do  n o t  
m a i n t a i n  t h e  h i s t o r i c a l  lag- ,one c o r r e l a t i o n  d e p e n d e n c i e s .  A l -  
though it .is n o t  shown h e r e ,  r e s u l t s  o f  t h e  c o m p u t a t i o n s  have  i n -  
d i c a t e d  t h a t .  F e b r u a r y ,  May and August  f l o w s  e x h i b i t  t h e  
s i m i l a r  l a c k  o f  r e s e m b l a n c e  w i t h  t h e  h i s t o r i c a l  r e c o r d .  R e f e r r i n g  
t o  s e c t i o n  2  o f  t h i s  r e p o r t ,  it s h o u l d  b e  u n d e r l i n e d  a g a i n  t h a t  
t h e  d i s a g g r e g a t i o n  model d o e s  n o t  t a k e  i n t o  a c c o u n t  t h e  c o r r e l a t i o n  
d e p e n d e n c i e s  be tween  q u a r t e r l y  f l o w s  i n  t h e  l a s t  q u a r t e r  o f  one  
y e a r  and  t h e  f i r s t  q u a r t e r  o f  t h e  f o l l o w i n g  y e a r .  A t  t h e  s econd  
l e v e l  o f  d i s a g g r e g a t i o n  t h e  c o r r e l a t i o n  d e p e n d e n c i e s  be tween  month- 
l y  f l o w s  i n  t h e  l a s t  month o f  e a c h  q u a r t e r  and  t h e  f i r s t  mon-th o f  
t h e  f o l l o w i n g  q u a r t e r  a r e  a l s o  n o t  t a k e n  i n t o  a c c o u n t .  T h i s  i s  
f u l l y  c o n f i r m e d  by t h e  r e s u l t s  o f  o u r  c o m p u t a t i o n s ,  p a r t  o f  which 
is shown g r a p h i c a l l y  i n  F i g s .  5 , 6 , 7 ,  and  8 .  The r e s u l t s  o f  s t a t i s -  
t i c a l  e x a m i n a t i o n  o f  t h e  h i s t o r i c a l  and s e q u e n t i a l l y  g e n e r a t e d  
( e q u a t i o n  ( 6 )  ) month ly  s e q u e n c e s  a r e  shown i n  t h e  same f i g u r e s .  
Al though t h e r e  a r e  some d i s c r e p a n c i e s  due  t o  t h e  f a c t  t h a t  t h e  
s y n t h e t i c  s t a t i s t i c s  w e r e  a v e r a g e d  o v e r  t h e  r e l a t i v e l y  modest  set  
o f  s y n t h e t i c  s e q u e n c e s ,  t h e r e  is  e v i d e n t  r e s e m b l a n c e  o f  s t a t i s t i c s  
e s t i m a t e d  on t h e  b a s i s  o f  h i s t o r i c a l  a n d  s e q u e n t i a l l y  g e n e r a t e d  
s e q u e n c e s .  An example o f  a d d i t i o n a l  compar i son  o f  h i s t o r i c a l  and  
s e q u e n t i a l l y  g e n e r a t e d  ( e q u a t i o n  ( 6 ) )  month ly  s e q u e n c e s  i s  
shown i n  F i g .  9 .  The c u r v e s  show t h e  p e r  c e n t  o f  t i m e  t h a t  t h e  
mean month ly  f l o w  a t  a  g i v e n  s i t e  i s  smaller t h a n  g i v e n  amounts 
r e g a r d l e s s  o f  c o n t i n u i t y  i n  t i m e .  Good c o r r e s p o n d e n c e  o f  s u c h  
c u r v e s  d e v e l o p e d  b o t h  f o r  h i s t o r i c a l  and  s y n t h e t i c  s amples  was 
a s c e r t a i n e d  f o r  a l l  s i t e s  and a l l  h i s t o r i c a l d a t a  sets. 
S i n c e  t h e  h receding a n a l y s i s  w a s  c o n c e r n e d  o n l y  w i t h  f l o w  
f r e q u e n c y ,  r e g a r d l . e s s  o f  f l o w  c o n t i n u i t y  i n  t i m e ,  a n o t h e r  a t t e m p t  
was made t o  compare t h e  n t~mber  and  t h e  d u r a t i o n  ( l e n g t h )  o f  f l o w  
series whose e l emen- t s  a r e  ( 1 )  less  o r  e q u a l  o r  ( 2 )  h i g h e r  o r  
e q u a l  t h a n  some p r e s e l e c t e d  l e v e l s .  The r e d u c e d  f l o w  l e v e l s  (see 
n o t e  i n  F i g .  9 )  w e r e  chosen  t o  b e  0 . 2 ,  0 . 5 ,  1  . O r  1 . 5 ,  2 . 0 ,  and 
3 . 0 ;  e a c h  o f  t h e s e  numbers i s  f o l l o w e d  by t h e  s i g n  "+"  o r  "-"  a s  
t o  i n d i c a t e  f l o w s  - > or  - < t h a n  t h e  g i v e n  l e v e l .  The d u r a t i o n  
( l e n g t h )  o f  t h e  f l o w  series w a s  a n a l y z e d  f o r  a  maximum o f  15  
c o n s e c u t i v e  t i m e  p e r i o d s  (months)  . I n  F i g s .  10 and  11 some 
r e s u l t s  o f  t h i s  a n a l y s i s  a r e  p r e s e n t e d .  The c u m u l a t i v e  f r e q u e n c y  
c u r v e s  o f  r e d u c e d  f l o w  series r e f e r  t o  f o u r  s i tes  (one  h i s t o r i c a l  
and  f i v e  s y n t h e t i c  f l o w  s e q u e n c e s  f o r  e a c h )  and  t o  t h e  f l o w  l e v e l s  
o f  0.5-  ( F i g .  10)  and 1.0+ ( F i g .  1 1 ) .  S i m i l a r  a g r e e m e n t  be tween  
s u c h  c u r v e s  was a s c e r t a i n e d  f o r  a l l  o t h e r  f l o w  l e v e l s  o f  t h e  
h i s t o r i c a l  and  s y n t h e t i c  f l o w  s e q u e n c e s  s u b j e c t  t o  a n a l y s i s .  
The r e s u l t s  o f  mon th ly  f l o w  g e n e r a t i o n  by a p p l i c a t i o n  o f  
e q u a t i o n  ( 1 )  t o  t h e  " s t a t i o n a r i z e d "  h i s t o r i c a l  r e c o r d  (Young a n d  
P i s a n o ,  1967)  a r e  n o t  shown i n  t h i s  r e p o r t .  I t  was a s c e r t a i n e d ,  
however ,  t h a t  t h e r e  i s  a  l a c k  o f  r e s e m b l a n c e  be tween  t h e  
c o r r e l a t i o n a l  s t r u c t u r e  o f  h i s t o r i c a l  and  s y n t h e t i c  f l o w s ,  b o t h  
a t  t h e  mon th ly  and  a n n u a l  l e v e l s .  I n  t h e  IBIISGP compu te r  c o d i n g  
o f  t h i s  model i s  f r e e  o f  errors a s  n o t e d  by O ' C o n n e l l  (1973)  a s  w e l l  
a s  by  F i n z i ,  T o d i n i  and  W a l l i s  ( 1 9 7 4 ) .  
None o f  t h e  mode l s  d i s c u s s e d  i n  t h i s  r e p o r t  t a k e s  e x p l i c i t -  
l y  i n t o  a c c o u n t  t h e  c o e f f i c i e n t  o f  skewness  o r  h i g h e r  o r d e r  moments 
o f  t h e  d i s t r i b u t i o n .  However, t h e  MMSGP o u t p u t  g i v e s  a l s o  t h e  
v a l u e s  o f  t h e  c o e f f i c i e n t  o f  skewness  a n d  k u r t o s i s ,  b o t h  f o r  t h e  
h i s t o r i c a l  and  s y n t h e t i c  s e q u e n c e s .  No compar i son  o f  t h e s e  s t a t -  
i s t i c s  was a t t e m p t e d  s i n c e  t h e y  e x h i b i t  c o n s i d e r a b l e  v a r i a b i l i t y  
f rom o n e  s y n t h e t i c  s e q u e n c e  t o  t h e  o t h e r  g e n e r a t e d  by t h e  same 
model .  
4 .  C o n c l u s i o n s  
The main c o n c l u s i o n s  drawn from t h e  i n v e s t i g a t i o n s  a r e  a s  
f o l l o w s  : 
( 1 )  M u l t i - s i t e  s e q u e n t i a l  g e n e r a t i o n  o f  mon th ly  f l o w s  which 
assumes  t h a t  t h e  p r o c e s s  i s  l ay -one  Markovian,  n o n s t a t i o n a r y  
and  c y c l i c  ( e q u a t i o n  ( 6 1 1 ,  y i e l d s  r e a s o n a b l e  r e s u l t s  w i t h  
good r e s e m b l a n c e  o f  h i s t o r i c a l  r e c o r d  i n  t e r m s  o f  t h e  means,  
s t a n d a r d  d e v i a t i o n s  a s  w e l l  a s  t h e  c r o s s  and  s e r i a l  c o r r e l a t i o n a l  
s t r u c t u r e  a t  t h e  mon th ly  l e v e l .  The s y n t h e t i c  month ly  s e q u e n c e s  
a r e  c o n s i s t e n t  w i t h  t h e  h i s t o r i c a l  p a t t e r n  o f  a n n u a l  f l o w s  i n  
t e r m s  o f  t h e i r  means,  s t a n d a r d  d e v i a t i o n s  and  l a g - z e r o  c r o s s  
c o r r e l a t i o n  c o e f f i c i e n t s .  I t  s h o u l d  b e  u n d e r l i n e d  t h a t  t h e s e  
s t a t i s t i c s  a r e  n o t  e x p l i c i t l y  b u i l t  i n t o  t h e  model s t r u c t u r e .  
The l a g - o n e  c o r r e l a t i o n a l  s t r u c t u r e  o f  t h e  h i s t o r i c a l  a n n u a l  f l o w s  
is not preserved. It seems, however, that if the synthetic 
sequences are to be used for simulation of the water resources 
systems providing seasonal (within-the-year) storage only, this 
lack of resemblance should not be of much importance in evaluat- 
ing alternate designs. 
(2) Multi-site sequential generation of monthly flows which 
assumes that the process is lag-one Markovian and approximately 
stationary after removal of non-stationarity in the means and 
standard deviations, seems to be the least satisfactory technique. 
This model may be applied only if the correlational structure of 
historical flows do not exhibit month-to-month variability but 
such situations are quite unusual. 
(3) Generation of synthetic monthly flows by disaggregation 
of the previously generated annual flows, as proposed by Valencia 
and Schaake (1972), raises some doubts. If a particular 
time step is adopted for simulation, the highest priority resem- 
blance with historical record should apply to the statistics 
referring specifically to this time step. Unfortunately, at each 
level of disaggregation 25% of lag-one serial and lag-one cross 
correlation coefficients are not preserved. 
( 4 )  There are many difficulties associated with development 
of the multi-site multi-season streamflow generation models and 
considerable research effort is needed in this area. Most of 
these difficulties may be attributed to the shortness of hydro- 
logical records and instability of small samples. As noted by 
many, existing streamflow records are not sufficiently extensive 
to provide reliable estimates of many statistics "important" for 
a proper design of water resources systems. One of the possible 
ways out of this dilemma seems to be expansion of investigations 
concerning the mechanism underlying the physical generation of 
river flows. But at the same time more investigations attempting 
to assess which parameters really are "important" for a proper 
design of a water resources system--how sensitive is the design 
to changes in these parameters--seems to be necessary. 
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APPENDIX: COMPUTER IMPLEMENTATION 
1 .  I n t r o d u c t i o n  
The M u l t i - s i t e  Mul t i - season  St reamflow G e n e r a t i o n  Package 
(MMSGP) i s  composed o f  t h e  main segment ,  t h i r t e e n  main s u b r o u t i n e s  
and s e v e r a l  a u x i l i a r y  s u b r o u t i n e s  and f u n c t i o n s .  I n  a d d i t i o n ,  
s u b r o u t i n e s  o f  t h e  IBM S c i e n t i f i c  S u b r o u t i n e  Package (MINV,EIGEN) 
a r e  used .  The g e n e r a t i o n  o f  u n i f o r m  d i s t r i b u t e d  random numbers 
i s  accompl i shed  by a p p l i c a t i o n  o f  f u n c t i o n  RANDV - an  assembly  
l anguage  f u n c t i o n ,  t h a t  i s  a v a i l a b l e  a t  PDP-11 compute r s ,  and  i s  
s i m i l a r  t o  t h e  IBM RANDU f u n c t i o n .  The program i s  w r i t t e n  i n  
s i m p l i f i e d  FORTRAN, a v a i l a b l e  under  t h e  U N I X  sys t em f o r  PDP-11/45 
compute r s .  A l i s t i n g  o f  t h e  main segment  and a l l  s u b r o u t i n e s  and 
f u n c t i o n s  ( e x c l u d i n g  IBM SSP s u b r o u t i n e s )  i s  p r o v i d e d  a t  t h e  end 
o f  t h e  r e p o r t .  
MMSGP i s  d e s i g n e d  a s  a c o l l e c t i o n  o f  main s u b r o u t i n e s ,  e a c h  
i n t e n d e d  f o r  a s m a l l  and i n d e p e n d e n t  t a s k ,  r a t h e r  t h a n  a program 
i n  t h e  t r a d i t i o n a l  s e n s e ,  w i t h  f i x e d  o r d e r  o f  t a s k s .  I n  o t h e r  
words ,  t h e  program i s  ' p a r a m e t e r - d r i v e n '  i s  s u c h  a  way t h a t  t h e  
sequence  o f  t a s k s  f o r  e a c h  e x e c u t i o n  o f  t h e  program i s  d e t e r m i n e d  
by t h e  sequence  o f  i n p u t  p a r a m e t e r s  o r  more p r e c i s e l y ,  g roups  o f  
p a r a m e t e r s ,  a group  f o r  e a c h  o f  t h e  main s u b r o u t i n e s .  A l l  t h e  
main s u b r o u t i n e s  a r e  c a l l e d  from one  main s t e e r i n g  segment ,  which 
s e q u e n t i a l l y  r e a d s  t h e  g roups  o f  p a r a m e t e r s  i n  and s e l e c t s  t h e  
a p p r o p r i a t e  main s u b r o u t i n e s .  Such a  s t r u c t u r e  e n a b l e s  a  r a t h e r  
s i m p l e  r e a l i z a t i o n  o f  v a r i o u s  c o m p u t a t i o n a l  v a r i a n t s  o f  f l o w  
g e n e r a t i o n  w i t h o u t  any m o d i f i c a t i o n  o f  t h e  package .  
I t  i s  e s s e n t i a l  t o  ment ion  t h a t  a l l  d a t a  ( h i s t o r i c a l  and 
s y n t h e t i c )  a r e  s t o r e d  i n  t h e  e x t e r n a l  ( d i s k )  f i l e s .  The l i n k a g e  
o f  t h e  main s u b r o u t i n e s  w i t h  a p p r o p r i a t e  d a t a  f i l e s  i s  accompl ish-  
e d  by t h e  i n c l u s i o n  o f  t h e  a p p r o p r i a t e  f i l e  names i n  t h e  g roup  o f  
s u b r o u t i n e  p a r a m e t e r s .  A l l  f i l e  names a r e  s e l e c t e d  by t h e  p ro -  
gram u s e r .  The o n l y  v a l u e s ,  which remain  i n  t h e  c o r e  memory are 
t h e  g e n e r a t i o n  o r  d i s a g g r e g a t i o n  p a r a m e t e r s .  Thus ,  t h e  n e c e s s a r y  
c o r e  memory i s  k e p t  a s  s m a l l  as p o s s i b l e  and d o e s  n o t  depend on  
t h e  l e n g t h  o f  h i s t o r i c a l  and g e n e r a t e d  samples .  However, it de-  
pends  v e r y  much on t h e  number o f  s i tes  a t  which s y n t h e t i c  f l o w s  
a r e  g e n e r a t e d  and on t h e  number o f  t i m e  s e a s o n s  i n t o  which t h e  
y e a r  i s  d i v i d e d .  The p r e s e n t  v e r s i o n  of  t h e  package e n a b l e s  
t h e  g e n e r a t i o n  o f  s y n t h e t i c  f lows  i n  up t o  f i v e  s i tes  u s i n g  n o t  
more t h a n  t w e l v e  t i m e  s e a s o n s  ( m o n t h s ) .  
2 .  F i l e  S t r u c t u r e s  
There  a r e  f o u r  d i f f e r e n t  f i l e  s t r u c t u r e s :  
1 ) b a s i c  h i s t o r i c a l  d a t a  f i l e s ,  
2)  lumped d a t a  f i l e s ,  
3) s t a t i s t i c s  f i l e s ,  and 
4 )  m a t r i c e s  f i l e s .  
B a s i c  h i s t o r i c a l  d a t a  f i l e s  c o n t a i n  h i s t o r i c a l  d a t a  r e c o r d s  
o r d e r e d  a c c o r d i n g  t o  t h e  y e a r s  sequence  and a r r a n g e d  on  a  "one- 
f i l e - o n e - s i t e "  p r i n c i p l e .  Each r e c o r d  c o n t a i n s  two s t a n d a r d  
s i n g l e  f i e l d s  which i d e n t i f y  t h e  y e a r  and t h e  t y p e  o f  h i s t o r i c a l  
d a t a  ( a n n u a l ,  q u a r t e r l y  o r  monthly f l o w s )  . Moreover,  it c o n t a i n s  
one  s i n g l e  o r  m u l t i p l e  f i e l d  r e p r e s e n t i n g  t h e  h i s t o r i c a l  d a t a ,  
T h i s  i s  i l l u s t r a t e d  by t h e  f o l l o w i n g  t a b l e :  
I n d i c a t o r  o f  The Number o f  Length o f  
d a t a  t y p e  meaning d a t a  r e c o r d  
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Each o f  t h e  b a s i c  da- ta  f i l e s  may c o n t a i n  r e c o r d s  w i t h  d i f f e r e n t  
d a t a  t y p e s ,  even f o r  t h e  s a m e  y e a r .  I t  i s  r e q u i r e d ,  however,  
t h a t  t h e  r e c ~ r d s  are o r d e r e d  a c c o r d i n g  t o  t h e  y e a r  sequence ,  and 
w i t h i n  e a c h  y e a r  t h e y  f o l l o w  t h e  o r d e r  o f  d a t a  t y p e  i n d i c a t o r s  
( f rom 1  t o  3 ) .  
The c r e a t i o n  and up-da t ing  of  b a s i c  h i s t o r i c a l  d a t a  f i l e s  
a r e  n o t  covered  by t h i s  d e s c r i p t i o n  o f  t h e  MMSGP. 
Lumped d a t a  f i l e s  c o n t a i n  t h e  r e q u i r e d  d a t a  r e c o r d s  f o r  t h e  
s e l e c t e d  s i tes .  Each r e c o r d  forms a  v e c t o r  o f  v a l u e s  f o r  t h e  
sarne y e a r  and t h e  same p e r i o d  b u t  f o r  d i f f e r e n t  si-tes, Records  
are ordered on the time basis. The first record in the lumped 
data file is a description record, which contains the following 
fields : 
1) file type (lumped data, statistics, matrices), 
2) data type (historical, generated, disaggregated), 
3) number of sites (ns) , 
4) number of seasons in a year (nt), 
5) number of years (ny), 
6) first historical year, 
7) last historical year, 
8) aggregation-disaggregation coefficient (nd) , and 
9) basic data file names (np to 5) . 
Statistics files contain seven records with the following 
characteristics: 
1 ) description record, 
2) mean values (ns * nt values), 
3) standard deviation values (ns * nt values), 
4) skewness coefficients (ns * nt values), 
5) kurtosis coefficients (ns * nt values), 
6) lag 0 correlation matrix 
(ns * ns * nt values) , and 
7) lag 1 correlation matrix 
(ns * ns * nt values). 
Matrices files contain five records only, which are as 
- 
follows : 
1) description record, 
2) mean values, 
3) standard deviation values, 
4) A/D - matrix, and 
5) B/E - matrix. 
3. General description of Input Parameters 
The input parameters are divided into two types of the so- 
called main and secondary parameters. Main parameter records are 
distinguished by four leading asterisks in four leading character 
positions of the record. Secondary parameter records contain 
four space characters in these positions. All numerical parameters 
a r e  i n t e g e r  numbers and  s h o u l d  b e  r i g h t - j u s t i f i e d  i n  f o u r - c h a r a c t e r  
f i e l d s .  A l l  t e x t  p a r a m e t e r s  s h o u l d  b e  l e f t - j u s t i f i e d  and  f i n i s h e d  
w i t h  s p a c e  c h a r a c t e r .  Each i n p u t  p a r a m e t e r  r e c o r d  c o n t a i n s  o n e  
d a t a  o n l y  (number o r  t e x t )  , which  may b e  f o l l o w e d  by a  c ~ m m e n t -  
Comments a r e  n o t  a n a l y s e d  by t h e  program and may c o n t a i n  any  
c h a r a c t e r  i n  any  p o s i t i o n .  The i n p u t  p a r a m e t e r  r e c o r d s  are corn- 
Posed  i n t o  g r o u p s .  The f i r s t  r e c o r d  i n  e a c h  g r o u p  h a s  t o  b e  t h e  
main P a r a m e t e r  r e c o r d .  The s t r u c t u r e  o f  g r o u p s  i s  f i x e d  and  f o r  
e a c h  g r o u p  d e p e n d s  on  t h e  main p a r a m e t e r  r e c o r d .  The main P a r a -  
m e t e r  r e c o r d s  may o n l y  c o n t a i n  3 - l e t t 2 r  main s u b r o u t i n e  name, 
o p t i o n a l l y  f o l l o w e d  by 2 - c h a r a c t e r  t race i n d i c a t o r .  
4.  - Main Segment 
The main segment  c o o r d i n a t e s  a  se t  o f  s e q u e n t i a l l y  c a l l e d  
main s u b r o u t i n e s  and  f i x e s  t h e  model o f  f i l e  o p e r a t i o n  t r a c i n g .  
The segment  forms  a n  i n t e r p r e t a t i o n  l o o p ,  which i n  e a c h  c y c l e  
r e a d s  i n  t h e  main p a r a m e t e r  ( b e i n g  t h e  name o f  t h e  main s u b r o u t i n e )  
and  a g r o u p  o f  s e c o n d a r y  p a r a m e t e r s ,  d e p e n d i n g  of t h e  main P a r a -  
m e t e r .  The c y c l e  i s  f i n i s h e d  hy t h e  c a l l i n g  s e q u e n c e  f o r  i n d i c a t e d  
main s u b r o u t i n e .  ~ h u s  t h e  r e s u l t i n g  s e q u e n c e  of main s u b r o u t i n e s  
i s  d e t e r m i n e d  by t h e  se t  o f  i n p u t  p a r a m e t e r s  fo r  e a c h  program 
e x e c u t i o n .  " E W D ~ ~  v a l u e  of t h e  ITlain p a r a n e t e r  i s  d i s t i n g u i s h e d  for  
t e r m i n a t i o n  o f  t h e  p rogram e x e c u t i o n ,  
5. Main S u b r o u t i n e s  
-- 
5. 1 S u b r o u t i n e  SEL 
-- 
The s u b r o u t i n e  se lec ts  h i s t o r i c a l  d a t a  r e c o r d s  f rom i n d i c a t e d  
b a s i - c  d a t a  f i n e s  and  forms o n e  Lumped 11is.torical d a t a  f i l e .  
The p a r a m e t e r  g r o u p  i s  as f o l l o w s :  
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5.2 Subroutine TRF 
Subroutine TRF performs normalization and denormalization 
of data. This is done by transformation of one lumped file into 
another one. 
The parameter group should be the following: 
I " " " " " " " " ' " ' "  " " " " " 1 1 1 1 1 " 1 1 '  
where possible transformations include: 








The input file for subroutine TRF has to be a lumped data file. 
5. 3 Subroutine MAM 
Subroutine MAM computes the A and B matrices for streamflow 
generation (subroutine MAG), according to equations 2,3,4,5,7,8, 
9, and 10. 
The parameter group contains two records: 
Computed matrices remain in core memory. 
5 . 4  S u b r o u t i n e  MYM 
-- 
S u b r o u t i n e  MYM i s  s i m i l a r  t o  s u b r o u t i n e  t h e  computed 
A and ti m a t r i c e s i  however ,  f o i l o w  Young and  P i s a n o  (1967)  s t a n d a r d -  
i z a t i o n  method. 
The p a r a m e t e r  g roup  i s  s i m i l a r  a s  w e l l :  
5 . 5  Subrou t j . ne  MAG 
Subrout j - i le  IIAG u s e s  t h e  computed A and  B m a t r i c e s  f o r  gen-  
e r a t i o n  of s y n t h e t i c  f l o w s  ( e q u a t i o n s  1 and  6 ) ,  which a r e  b e i n g  
w r i t t e n  i n t o  an o u t p u t  lumped f i l e .  
The pa rame te r  g r o u p  c o n t a i n s  t w o  n u m e r i c a l  s e c o n d a r y  p a r a -  
meters, t h e  f i r s t  o f  which  d e t e r m i n e s  t h e  number o f  i n i t i a l  i d l e  
random nrmber  g e n e r a t o r  c y c l e s ,  and t h e  s e c o n d ,  t h e  number o f  y e a r s  
o f  s y r l t h e t i c  data; t h e  name o f  a n  o u t p u t  f i l e  is  t h e  t h i r d  s e c o n d a r y  
p a r a m e t e r :  
5 , 6  S u b r o u t i n e  GIM 
  his s d r o u t i n e  computes  t h e  D and  E matrices f o r  d i s a g y r e -  
g a t i o n  ( s u b r o u t i n e  DIS) , a c c o r d i n g  t o  e q u a t i o n s  1 2 , 1 3 , 1 4 , 1 5 ,  ' 1  7 ,  
18,. 1 9 , 2 0 ,  and 21. 
The p a r a m e t e r  g r o u p  i s  a s  f o l l o w s :  
Computed m a t r i c e s  r ema in  i n  core memory. 
5.7 S u b r o u t i n e  DIS 
Using t h e  D and E m a t r i c e s ,  s t o r e d  i n  c o r e  memory, sub- 
r o u t i n e  DIS performs d i s a g g r e g a t i o n  o f  s y n t h e t i c  i n p u t  d a t a  f l o w s ,  
a c c o r d i n g  t o  e q u a t i o n s  11  and 16.  
The pa ramete r  group c o n t a i n s  two f i l e  names o n l y :  
5.8 S u b r o u t i n e  RWC 
S u b r o u t i n e  RWC e n a b l e s  s t o r i n g  i n t o  a  f i l e  o r  r e s t o r i n g  
from a f i l e  computed s t a t i s t i c s  o r  g e n e r a t i o n  and d i s a g g r e g a t i o n  
m a t r i c e s .  
The pa ramete r  group t a k e s  t h e  form: 
5.9 S u b r o u t i n e  AGG 
T h i s  s u b r o u t i n e  computes mean v a l u e s  o f  i n d i c a t e d  number o f  
c o n s e c u t i v e  r e c o r d s  o f  i n p u t  lumped f i l e ,  d e c r e a s i n g  t h e  number 
o f  s e a s o n s  i n  t h e  c r e a t e d  o u t p u t  f i l e .  Such a  p r o c e s s  i s  c a l l e d  
an  a g g r e g a t i o n  o f  d a t a .  The a g g r e g a t i o n  c o e f f i c i e n t  h a s  t o  be  a  
d i v i s o r  o f  a c t u a l  ( i n p u t )  number o f  s e a s o n s .  
The pa ramete r  g roup  i s  a s  f o l l o w s :  
5.10 S u b r o u t i n e  EST 
S u b r o u t i n e  EST e s t i m a t e s  t h e  f o l l o w i n g  s t a t i s t i c s  f o r  t h e  
d a t a  r e c o r d e d  i n  t h e  lumped i n p u t  d a t a  f i l e :  
- mean v a l u e s ,  
- s t a n d a r d  d e v i a t i o n  v a l u e s ,  
- skewness  c o e f f i c i e n t s ,  
- k u r t o s i s  c o e f f i c i e n t s ,  
- l a g  0  c o r r e l a t i o n  c o e f f i c i e n t s ,  a n d  
- l a g  1  c o r r e l a t i o n  c o e f f i c i e n t s .  
Computed s t a t i s t i c s  r ema in  i n  core memory. 
The p a r a m e t e r  c o n t a i n s  i n p u t  f i l e  name o n l y :  
5 .11 S u b r o u t i n e  OUT 
S u b r o u t i n e  OUT p r i n t s  two sets o f  computed s t a t i s t i c s  (sub-  
r o u t i n e  EST) a s suming  t h a t  o n e  set  r e m a i n s  i n  c o r e  memory and  t h e  
o t h e r  one  i s  s t o r e d  i n  a  f i l e .  Such a n  o u t p u t  fo rm s h o u l d  make 
e a s i e r  t h e  compar i son  o f  a p p r o p r i a t e  v a l u e s  ( f o r  i n s t a n c e ,  t h e  
c o m p a r i s o n  o f  h i s t o r i c a l  and  s y n t h e t i c  s t a t i s t i c s ) .  
The p a r a m e t e r  g r o u p  c o n t a i n s  o n e  f i l e  name o n l y :  
5 .12  S u b r o u t i n e  FDA 
T h i s  s u b r o u t i n e  p e r f o r m s  f l ow  d u r a t i o n  a n a l y s i s  and  p r i n t s  
r e s u l t s  i n  n u m e r i c a l  and  g r a p h i c a l  fo rms .  The a n a l y s i s  is  b e i n g  
a c c o m p l i s h e d  a t  o n e  o f  s i x  p r e f i x e d  l e v e l s  a c c o r d i n g  t o  i n p u t  
p a r a m e t e r  and c a n  b e  u s e d  f o r  up t o  10 f i l e s  s i m u l t a n e o u s l y :  
l e v e l - c o d e :  v a l u e  o f  r e d u c e d  f l o w :  
The p a r a m e t e r  g r o u p  i s  a s  f o l l o w s :  
5 .1  3  -- S u b r o u t i n e  FFA 
S u b r o u t i n e  FFA p e r f o r m s  f low f r e q u e n c y  a n a l y s i s  and p r i n t s  
r e s u l t s  i n  two forms:  n u m e r i c a l  and  g r a p h i c a l .  The a n a l y s i s  can  
b e  used  f o r  up t o  10 f i l e s  a t  t h e  same t i m e .  
The p a r a m e t e r  g r o u p  t a k e s  t h e  form: 
6.  Examples 
6 .1  Example 1 : G e n e r a t i o n  
T h i s  example shows t h e  sequence  o f  p a r a m e t e r s  f o r  t h e  gen- 
e r a t i o n  o f  month ly  s y n t h e t i c  f l o w s  f o r  t h e  s e t  o f  t h r e e  si tes.  
I t  is  assumed t h a t  f i l e s  SITE 1 ,  SITE 2 ,  and SITE 3  c o n t a i n  h i s -  
t o r i c a l  month ly  d a t a  a t  l e a s t  f o r  t h e  t i m e  p e r i o d  from 1931 u n t i l  
1970. 
A f t e r  t h e  s e l e c t i o n  o f  a p p r o p r i a t e  d a t a  and c r e a t i o n  o f  t h e  
h i s t o r i c a l  lumped d a t a  f i l e  SITE ( s u b r o u t i n e  SEL) , h i s t o r i c a l  
s t a t i s t i c s  a r e  e s t i m a t e d  ( s u b r o u t i n e  EST) and  s t o r e d  i n  f i l e  
STSITE ( s u b r o u t i n e  RWC) . S u b r o u t i n e  TRF p e r f o r m s  l o g a r i t h m i c  
t r a n s f o r m a t i o n  o f  h i s t o r i c a l  d a t a ,  c r e a t i n g  t h e  f i l e  SITELN, 
which  i s  used  f o r  t h e  computa t ion  o f  g e n e r a t i o n  m a t r i c e s  ( sub -  
r o u t i n e  MAM). S u b r o u t i n e  MAG g e n e r a t e s  100 y e a r s  o f  s y n t h e t i c  
monthly flows, stored in the file GENLN. Generated data are 
transformed (subroutine TRF) back to assumed lognormal distribu- 
tion. Estimated statistics for synthetic data (subroutine EST) 
are printed together with historical statistics stored in the 
file STSITE. 
* * * * S E L  
S I T E  
1 9 3 1  
1 9 7 P  
3 
3 
S I T E 1  
S I T E ?  
S I T E 3  
* * * * E S T  
S I T E  
* r *nRWC 
2 
J T S I T E  
* * * * T R F  
1 
S I T E  
S I T E L  *J 
* * * * M A M  
S l T t L h  








* * * * E S T  
G E N  
* * * * 0 1 1 T  
ST9ITE 
* * * * E N 0  
6 . 2  Example 2 :  D i s a g g r e g a t i o n  
The f i l e s  SITE, SITELN, and STSITE c r e a t e d  i n  t h e  p r e v i o u s  
example a r e  used  i n  t h e  f o l l o w i n g  sequence  t o  show t h e  d i saggrega-  
t i o n  p r o c e s s .  
The f i r s t  f o u r  groups  perform a g g r e g a t i o n  o f  h i s t o r i c a l  
monthly f lows i n t o  h i s t o r i c a l  q u a r t e r l y  and annua l  f lows  ( f i l e s  
SITEQ and SITEA, r e s p e c t i v e l y )  and l o g a r i t h m i c  t r a n s f o r m a t i o n  
( f i l e s  SITEQLN and SITEALN). Groups MAM and MAG accompl ish  t h e  
g e n e r a t i o n  o f  s y n t h e t i c  annua l  f lows ( f i l e  GENALN) .  Two consecu- 
t i v e  subsequences  o f  s u b r o u t i n e s  D I M  and DIS perform d i saggrega-  
t i o n  of  g e n e r a t e d  annua l  f lows i n t o  s y n t h e t i c  q u a r t e r l y  f lows  
( f i l e  GENQLN) and t h e n  q u a r t e r l y  f lows i n t o  s y n t h e t i c  monthly 
ones  ( f i l e  G E N L N ) .  The f i n a l  subsequence  o f  s u b r o u t i n e s  TRF, 
EST, and OUT p u t s  t o g e t h e r  s t a t i s t i c s  f o r  h i s t o r i c a l  and s y n t h e t i c  
monthly d a t a .  
The a p p l i c a t i o n  o f  l o g - t r a n s f o r m a t i o n  i n  t h e  d i s a g g r e g a t i o n  
p r o c e s s  r e s u l t s  i n  p o s i t i v e  s y n t h e t i c  f lows  and f o l l o w s  t h e  
assumpt ion  o f  lognormal d i s t r i b u t i o n  of h i s t o r i c a l  d a t a  i n  t h e  
Example 1 .  Such an  assumpt ion  shou ld  b e  v e r i f i e d  i n  some way, 
which is ,  however, beyond t h e  scope  of t h i s  s e c t i o n .  
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COMPUTER PROGRAM 
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O U T F U ~ - F I L E ~ A M E ( S P ~ )  
*lC'IP'I 
H ~ s ~ - I & P L I ~ ~ - F I L ~ N A M E ( ~ A u ]  
H I S T - O ~ J T L I K ~ - F ~ L ~ ~ A M €  ( 5 4 )  
*)DIS: 
I ~ P u T - F I L ~ N A ~ E ( ~ A ~ )  
O L J T P U T - F I L € % A M E [ S A ~ )  
* ? E S T :  
I N P t ! T - F I L E N A ~ l E  ( S A U ]  
c ] F D b :  
L E V E L - C O b E  ( I 4 1  
N ( r M V E H - O F - F I L E S  ( I 4 1  
F I L E - N 4 W E - l  ( 5 A 4 )  
a e m . . ~ . . e . e a m a @ e  
* ) F F b t  
N U M B F R - O F - F I L E S  ( I 4 1  
F I L E - N A M E - !  ( S A G )  
. . . a . . e . a . . a a e * e  
* ) M A G :  
h ~ M ~ E U - O F - I P J I T I A L ~ G F , ~ E P A T I O h I 8  (101
N I ' M ~ E ~ - ~ F - G E N E R A T E U - V ~ A ~ S  (141 
r311TPllT - F  I L C N A M E  ( 5 A 4 1  
* ) M A M a  
I N P U T - F I L k N A M E ( S A 4 1  
* ] ) s Y M :  
I ~ I P L J T - F  I L E k b M E  ( S A 4 )  
* ] C L J T  : 
S T A T I S T I C S - F I L C ~ A M E ( ~ A ~ I  
* )  R V J C  : 
~ ~ ~ ~ P T I O ~ - C O D ~ ( ~ - ~ E A O , ~ - L * ' K I T E ) ( I ~ )  
X ~ ~ P I J T / ~ U T P U T - F I L ~ ~ J A V E  ( 5 u I  
* I S E L :  
D I I T ? I J T - F I L E ~ A M C  ( S A 4 )  
Y t A G - F R O M ( I 4 )  
Y k A k - T O [ I U )  
N ~ ~ P ~ R - O ~ - P ~ R I O D ~ - C O P E [ ~ U )  
N I l M h E R - O F - S I T E S  ( 1 4 )  
H A S I C - F I L k Q b M E - I ( S A Q ]  
.... e . . . . . . . .  
* ]  TRF : 
T H A ~ J ~ F - Y O O E  (1  4) 
I h 4 P l ~ T - F I L t N A M k  ( 5 A 4 )  
~ I I T P I ) ~  - F I L E N A M E  [ 5 A 4 ]  
-I \ \ =  
Vi 
T U X  CI 
4 2 3  S 
x n  - a 
1 1  rl 
* = s Y  B 
- - >  - 
I E, b-cnx - 
m - a  4 
UlL r n, z 
I I r - 
3 = s k  n 
- - 3  u a 
G k' d 
LLE 1 k - 
m u a  LLI r'l 
I-0 - E d  
x r 4 - 
3 3 -  R' 
- - 3  < 4 
a \ a - 
0 3 I  d 
Z Q a 4  Z .-a - n 
'Ll z \ -3 H r c Z 
I x r r ~  a s 5 .- L 
a * m 1  S T . +  P. r - CI 
\ A d d  N - Y P. m - - n - Y. - 
cInU I N O W  Z Y d if 4 d Y E Y 
3 m N  - - W - - E E Z u u E - P E 
uU - 4  6. 2 '3 z 0 - 0  n -  n -r\* - %  - - - -  O K  - -  - 
NNrrLL -n - b- - ' J P d  r/Ph W I S  n -  a h  LO n r n d  'nr VIG cn 
- 4 %  d -U - -  - r  4 0 0  - -  - A  -U  - -  - r  - 
n -  PI - 0 &I - % %  4n dn - 4 -  f u n  %.- .-a U NfU dn d n  den 
M f i u f  -.-a 6 + r r  CI 0 9 -  -Lh r -.-a n m  - 4  r d  r d  rr P- n -LL d -.-I -V)V) 
d W  I d  Z - m e  - nu W rrrk n u  nu M-1L . -  nu nu n - r  
NN -n n Z Z U  n 3 m - A -  d-  d-. 4 c rid d d  d -  . - a d  dd  
D d  3 - C U &  b &  d - b z  u k  Uh M U -  dud Uk U Y  U r -  
n n P 3 - 4  - U  -n  - ;I L 3 - 4 -  .-I - .-I - 0,m6.\ - A - 4 - . - a  r - 3 - & . o m  
N Q d u  Q 3  - N ( P  9 - 2 U . d  U n  Z H L P  I L -  L L -  ZLLb 2 L L d  I L n  - \ L H w  
""" " ‘ d W "  ",", ; k  gz 3,',-= ,'s r.z C - h  r d  - d  - - -  
N N N  r a m  .) * Q  c r J 7  r d y  r m b  W d - 4  
r r  rrr F ( 1 J  + b .%UU- u w U U  - 4  - 4  U U L  U - 2  - 4  U U U  
- n n M  U O  W W U  W Y  U 2 ~ O u U ~ - S C u U C ~ C C ~ L f . ~ w ~ F C V & C ~ 6 ~ C u V ~ u U C ~ ~ ~ C ~  
A 4  2 ~ w W  d U Q L h S 4 9 - C Q X 5 Q U Q ~ S ~ Z 6 r Q W W Q Q U S Q U C 6 6 C E  a Z E U U U  
- - w u  H W  m n c .  n3[1: U ~ d ~ C L C U b * W L Q ~ N ~ ~ a 4 ~ ~ N N ~ c ~ ~ d L 1 & ~ ~ W n ? ~ = r U ~ > W ~ ~ d  
IUNNN L X  m ~ m d z a  n r e  c r d  T Z  crc~crr  a o  x c  W T *  u x 4  z c  m z  r n u  
U U  3 d U W  cl (2 a C? 0 a G 6 a 0 0 
e u a a m ~ ~  ~ J - N ~ ~ A C L ~ J J J C - A  J+ J J I - A - ~ A - I + - L J + A - B + J J J + - ~ - I - ~ ~ - L A ~ J A ~ J J J  
a - k t - k m J J G - u J w  - Z A G  A A A  A - I  A J  A A d J  J A  A J  A A A  A A J  A d  J A  A J A  
4 u a a ~ a 4 ~ ~ ~ 4 ~ 0 ~ ~ u ~ ~ ~ a ~ : ~ 3 ~ 4 ~ ~ 4 4 0 a ~ ~ a ~  u u ~ ~ a a ~ a ~ ~ a a c t ~ c ~ a ~ ~ u u  
0 9 O G H U U Z ~ ~ U Z C ~ U U ~ O U U U C ? 1 U U i L 3 r J U L 3 U U U U ~ O d ) ~ U U ( 3 U U U ~ U U U C 9 U U L ~ L ' ~ ~ U U U  
6 b  IS2 dSIL  P1 J Ln a )c a (r 6 d CU 
62 SR'R  €3 2: a 3 E; 5 5? 4 -4 .-a 
nr 3 x 5  5 € 5 Cb 6 c3 e 6: 6 m 
MAY 28 0 9 1 1 2  1 9 7 6  A ~ M A I N I , F  PAGE 3 
CALL R € A O ( S , T ( l ] , I 3 , S I  
CALL S E L ( F l ( I ) , M K )  
Gi3 TO 200 
0 1 3  CALL R E A D ( 1 , N F t l t S I  
CALL @ E A D ( 5 , F N ( l , l ) , N F t S l  
CALL F f A ( A ( l ) , M K l  
G Q  TO 2c?0 
0 1 4  CALL R € A D ( I , N , l , S )  
CALL R E A O ( l , N f , i , s )  
CALL R E A D ( ~ , ~ ~ ( ~ , I J , ~ F P S I  
CALL FOl(P(I),N,M~l 
G O  T O  2 0 8  
END 
M A Y  3 1 4 1 4 s  1976 B1AGG.F PAGE 1 
L 
C PARAMETERS! 
C NA - VUflUER OF A G G R E G A T E D  SEASONS, 
C F I  - F I L E N A M E  OF O R I G I N A L  PATA ,  
C F O  w F I L E N A M E  OF A G G R E G A T ~ ~  DATA,  
C M K  - TRACE I N D I t A T f l H ,  
C 
c R t M P R K  l 
C OROERIVG OF D A T A  RECOROS; 
C Y E A R , !  P E n I O O a l  S I T E . 1  
C 9 1 T E . Z  
C S I T E , 3  
C . . m a . *  
C PEWIOO.2 Y t T E , I  
C SITE.2 
C  .....( . . . * . $ I .  .....a 
C 
C R t  Q L I I R E D  1 
C F I L E O P  P R I N T  SETPAR 
C 
C O ~ ~ O N / ~ A P A M 2 / I D ~ , I U S , N S I ~ T t h l Y ~ I F , I T , M ~ , F N ( 5 ~ 5 ~  
GQMMON/hOQK 1 /Q ( 6 0 )  
CCIMMoh/wf l@K2/0(30J l  
D I M E N S I O N  I A  ( 8 1  
E l 3 ~ I l V A L k t l C k  C I A  (11 p l D F 1  
c e u  F I L E O P C L , F I L ~ ) , I , ~ I  
C A L L  S E T P A R [ l , l r I ~ [ l ) r f l r l l  
I P ( ( N T / ~ l A ) * N A , ~ E a N T I  C A L L  P H f N T ( 4 Y A L G  p B , B m 0 p ~ A , - N T I  
2k?8 YSTrNT* rdS  
NT.hlT/NA 
hST rhlT*rb19 
P A o l , a / F L O A T  C N A I  
CALL F I L E O P ~ - 1 1 F O ( 1 1 , 1 , i 2 )  
I F ( I B S , G T m @ )  I n S r - T O S  
C A L L  S E T P A R ( 2 , 2 , 1 A ( l ? , I D F , 1 1  
00 300 I s l , N Y  
C A L L  P I 1  E O p [ 2 , R ( i )  r M S T r  11 
D O  480 J O l r N S  
N.J 
D Q  4 a 0  K r J , N S T , N S  
9.0.0 
00 6fl@ L a I , N A  
S r S + R  ( A l l  
6 Q 0  N.N+NS 
JdB O ( K ) m S s F A  
I F  [ M K e N E m P )  CALL P R J N T [ B , - L , U ( ~ I  , N S , f d T l  
320 GALL  F I L ~ O P ( ~ , Q ( ~ ) ~ Y S T , Z I  
C A L L  F I L E O P [ ~ , F I  ( 1 I , 1 , 1 1  
C A L L  ~ I L E O P ~ ~ , F D [ ~ I , ~ , Z )  
R t  Tl lRN 
E N D  
M c Y  7 09:31 1476 0 : G A G . F  PAGF 1 
C 
c P A R A M E T F R ~ :  
C A v t C T d f ?  UF G k N E H A T I n h  P A R A t l E T E R S t  
C ~ E P N  I N S * r \ l T )  
C S n E L  I N $ * k T l  
C n t j f t - ~ 1 4 T H I  X ( N S * h 8 r h  T )  
C " A t t - r 4 A T R I X  ( v S * ~ S l ~ r ~ l )  
C vtrx T ' I - M A T R I X  ( N S 1  * P J S 1  * h T )  
C N I  - ~ I J J Y ~ ~ E R  UF I " r I 7 I b I -  RnhtObl4  k l l M R k R  GEhlFRATOP C Y C L E S ,  
I"J FV - f l l . I Tg \JT  - F X L E - N A f 4 k I  
C F I K  - T H A C S  I N I ~ T C A ~ D R ,  
r, 
C HkCJbr IHECI  
c C O P Y  F I L E n P  M J N V  t + M i j ~ . T  P R I N T  8AhJLIhrV 
C S E T P A R  3 E T P T K  V E C Q P  ZkHQS 
C 
C U M M O & / P A 2 4 M l / I A ( H I , F k t 2 S )  
C ~ M ~ O V / P A R A ~ Z / I B ( E I , F ~ ( ~ S ~  
~ ~ ~ M I ~ I O ~ : / P A & ~ . A ~ / ~ S , ~ J T , F * ~ ~ , Y S ~  , b l S S l  I N S T \  , N S S c N S T  , N S S i ! , N S S T i  ? Y S S T  , LBB  
C ! J M K O h / & O c K  1 / R  ( 6 0 )  
C ~ ? M ~ ! O N / ~ + ' ~ ~ R K Z / X  ( 3 6 1  
C O M M B I ' < / ~ \ Q P < ~ / Z  ( 6 )  
C B M q 0 h ! / N 0 k % 4 / Y  ( 6 )  
C O M 9 O k / N O R K S / T  Cb] 
I F I I A ~ ~ ) , : ~ J E , T ~ ]  CALL ~ * I N T ( ~ ? H ~ C .  , 8 ? 3 J , I ~ C l ] t - 5 1  
C A L L  S E T P T ~ ( I ~ ( ~ I , X A ( Y ~  , 1 d ( 5 ~ 1 1 t ( 3 ) + 1 3  
b d S ! 3 2 r n N S 1 * ~ ~ S l  
L w = z w s r + l  
I F ( h I , L E , k ~ I  G O  TO 2@0 
P U  2 1 @  IsI . ,NI  
2 1 g  6aRnN1lh lV [ I  ,LI,Pn.I~) 
?Dl3 C A L L  ZFWdS ( 2  [Z), $ I S ?  
7 t l I a l . n  
S t 1  ,V/FLI- lAT ( I A  ( 5 1 - 1 J 5 1  
CALL C O P ~ ( l 4 C l ) , I 8 ( 1 ) t K 3 1  
I H ( T I = N V  
1 9 ( 2 ) % 4  
CALI. F l L ~ J ~ I I , f ~ ~ ~ 1 ] , 1 1 1 1  
CALL S E T P ~ R ~ 1 , 2 ~ 1 ~ ( 1 ? , 8 , 1 )  
3 d Q  I t  1,  N v  
Ld=LRs  
/ A s L P + N S S T  
L x a L A + N S S T  J 
00 3 1 8  J a I , ' 1 S T I N 3  
Kua, 
?n 320  I I ~ l , ~ l S !  
U r Z ( I I 1  
D3 3 2 2  J J I 1  I N S 1  
K n K i l  
x ( ~ ) a a t i , ~ l + W * Z ( J J l  
329 L X r L x + l  
C ~ L L  ~ I ~ ~ ( ~ ( 1 ) , ~ ~ ~ l r ~ ~ ~ ~ 1 ~ , T ~ i ~ l  
M A Y  7 @9:31 1 9 7 6  B : H I G a F  PAGE ? 
J F ( A d S [ Q )  , L T . l E - 6 )  C A L L  P R l k T ( 1 2 H  B A G :  M I 1 . V  ? t l Z , f l , - i , B )  
1181 . a  
no 3 3 8  I I = I , N S I  
P 8 f l . P  
D O  34a JJsllMSl 
K . K + I  
3 4 0  P ~ P + Z  l J J l s X  ( K )  
3 3 0  n . Q - P * b  ( 1 1 1  
IF(Q.LE.@.@) C A L L  P R I b 1 T ( 1 2 h  9 P G I  SQRT ? r 1 2 ~ ~ p m l , Q l  
f l m 3 Q S T  (S/Q) 
nfi 3 5 ~  K a 1 , N S  
359  V ( K I ~ S A N D N V ( Q , @ , 0 1  
CA1-L M M U ~ ~ ~ A [ L A ] , Z ( L ) , T ~ ~ I , ~ ~ S I ~ S ~ ~ ~ )  
C A L L  w M l ~ ~ T ( A ( L B I  , Y  [I) r Z ( 2 )  , r j 9 p N S t  1 1  
CALL V E C O P ( Z ( ~ ) , T ( I I ~ ~ ( ~ ' I I P ~ ~ ~ ~ )  
CALL ~ d P v ( Z ( 2 3  t R f J ) , N S l  
LB0LG)+tuSS 
31Q L A m L A + N S S l  
C A L L  v E C O P ( 4 , A  tNST+l) 1 R ( 1 I  4 r ~ s T ~ 4 ]  
J F ( M K . N E , O ]  C A L L  P Y I ~ T ( @ , - I I U ( ~ ~ ~ N S , N ~ )  
3 a a  r a L L  F I L E U P ( ~ , I ? ~ ~ I I Y S T , ~ ~  
T A L L  F I L € O P ( ~ , P N ( ~ ) , I , ~ )  
kETclQu 
E N D  
Q k  131J1kEr4: 
C ~ P Y  CUPY Y F I L L L I P  t d i h i V  r4M11LT P k I N t  
S t  TPAr: S E T P T F  ST A i , 1 0  f h b l b  V E C O P  Z ~ . R I J S  
C u r l ~ n h / F f i c a ~ ]  / T b  ( 5 )  T ( 5 , 5 ]  
~ [ ] r - l + ' O i : l / P 4 b ~ ~ ~ / : ~ l S ~ f i : ~  147 , h l S \  ) 1 ~ 3 t f 1  )hJSf  1 ~ F I J S S , ~ ~ J S T ~ ~ S S ~ ~ N . ~ ~ T ~ ~  , I $ ?  NL, 
r , nv r l oh~ /$dn ! iK  1/ G  ( 6 s )  
C O ' - ~ M O P ! / ~ I ? ~ ~ ~ / Q  i 3 b )
C O ! 4 9 g V / i & i l i 4 K 3 / X  1 7 2 )  
C ~ ] : ~ I F ~ ~ ~ ~ / ! ~ ~ I ~ U U ~ / ~  1 1 6 )  
c f iMb 'n ' ; /A~su ' i / JJ  [ b )  
!?TMFr\lS~I?4\! I j r J f ? )  
4 7 A T a  D 3 C 1 1 / 1 , k i /  
C A L I  s ? A : J n l n l i l  r F  l l l , l A i i l I I , l  
C A L L  ~ ' T I , , : . ~ ~ P C ¶ , F [ I ] V I ~ I J  
CbLb S F T ~ ~ Q I I p l , I P . ~ l ) ~ ~ , l l  
C A L L  S f T P T f J  ( L A  (31  1 4  € d l  1 I A ( 5 ~ 1 1 A ( 3 1 + 1 ~  
N S 9 2 r h 1 5 1  * t k J s 1  
U I , P K ~ ~ ~  ( ; r S ? + : J S S i  + N s ~ < )  
C d R m ? r Y 5 T + 1  
L A A ~ L W H + ~ J S S T  
L n x s L  A P + & S S T l  
C A L L  Z E R C . 5  ( 4  [ L h d J  p !dL)  
C A L L  o ~ P Y x [ I ) ~ J ~ ~ I ~ ' I ( ( I I , ~ , ~ ~ ~ ~ , I , ~ T I  
I S N S T + ~ - ~ . ~ ~  
. r n r  + Y S T  
C A L L .  ~ E C ~ ~ ( A ( I I , A ( J I D ~ ( ~ ~ ~ N ~ , J )  
ilfl 2g6 Is1 ,MY 
C A L L  F I k F b P [ ~ p R ( N 3 l 1 , N ~ T I ~ ~  
C b k L  v E C ~ ~ P ~ A ( ~ ) ~ A ~ N ~ ~ + ~ ) ~ Q ( ~ S ~ ~ , ~ . I ~ T , ~ )  
C A L L  t O P V X ( R I Q S 1 1  , X ( 2 )  , N W I ~ 3 1 , h ~ S p t d T )  
C A L L  CdkQ(X(lJpY[!I,b(lX~),rJ9l,blSlpNTp3)) 
C A L L  C C I ~ ~ ( Q ( ~ ) ~ ~ I ~ I , A ( L B ~ ) ~ R ( S ~ ~ ~ S ~ ~ ~ T ~ ( F ]  
C A L I -  C r l C ; Q [ Q ( ~ ] I X ( i I , 4 1 L A A ) # l ~ J , k 3 1 p P ! T o ~ A l  
C A L L  c o P v l Q ( ~ A T + l l  ,@[1 )  p ~ s ]  
C A L L  f I ~ E O P [ u p F ( l I , l p l l  
T F [ M K , E C , S I  to t u  21fl 
C b L L  P R I N T  (?Be P I A T S I X :  Y + T S A N S P  [ V ]  p2g, A [ L f i A J  , ~ S ~ , ~ U T >  
C A L L  P S I ~ I t [ ? L ' J H  M A f Y f X :  X I T R P N ~ P ( Y ] ~ ~ @ , A [ L P A ) , ~ Y S ~ # N T )  
C e L L  P R l b I f  ( 2 n d  M 4 T Y I X :  X ~ T R A Y S P I X )  p 2 f l , 9 ( L X Y I  phJS,S?prJT3 
M A Y  7 @9C!i? 1 9 7 6  H l B A M , f  P A L E  2 
?llF M T a N T  
I F ( ~ D , E ~ i , ~ . O R , N T , E U , i I  G O  TO 30P 
DO 2 2 ~ 7  T.Z,NT 
L B a L H t i +  (1-1 1  * " S 3  
L P m L A 4 + [ 1 - 1 )  r N S S 1  
L ~ ~ L ~ U + ( I - ~ I ~ R S S ~  
C b L L  V E C Q P C P  ( ~ 8 1  e ( L R s 1  I A t L t i P I  I N S S ,  11 
C A L L  V E C ~ ~ P ( A [ L A ) , A ( L A A I ~ A ( L A A I , N S ~ ! ~ ~ ~  
220 C A L L  J E C B P ( A ( L X ~  , A ( L ~ % )  , A [ L X X I  I h r S S 2 ,  1 )  
D R ( 2 1  a 1  , f l / F L Q A T ( N T l  
C A L L  V E C O P  ( D D ( 2 )  p A ( L B P )  , A ( L ~ ~ B I  , N S S p ? )  
C A L L  YECOP ( 0 0  [ Z ) ,  A ( L A A I  I A ( L A A )  I N S 3 1  , 5 )  
C A L L  V F C Q P  (0012) p ~ [ L x x l  p A  ( L Y X I  p N S S 2 , 5 )  
M T o i  
3Pfl  DL1 3163 I = l , M T  
L @ ~ L f i d + [ 1 = i l * Q S S  
L A . L A A +  (1 -1  1  *kSSl 
L X = L 8 X + ( I - ! l  *NS32 
C A L L  C O P Y  ( 4 ( L X l  ,Q(lI p h S S i ? )  
C A L L  M T ~ V ( G 1 1 1 , N ~ 1 p 3 r l I [ 1 1 , J J ~ 1 1 )  
I F [ 4 R S ( D ) , L T m 1 E - 8 )  C A L L  P R 1 4 T C l Z H  B A M l  W I N V  ? p j d r f l p - l I k 3 )  
C A L L  C O P Y  [ A  [ L A )  , U  [ I 1  ,NSS3) 
CALL. M M U ~ l f % ( l l  p B ( 1 l  p A ( L A )  , m h ~ ~ I N S l p N S 1 )  
C A L L  f l i d u ~ T ( A ( ~ A 1  ~ X ( ~ I I J [ ~ ~ ~ ~ S I N S ~ , ~ S I ]  
C A L L  ~ F C ~ P ( A ( L B I ~ ~ ~ ~ I I , ~ [ ~ I , ~ S ~ , ~ ~  
31f l  C A L L  T R N G ( Q [ ~ )  p A ( L b 1  p h S )  
I F  ( ~ r l a E G , d , O ~ , ~ T , E 3 , 1 I  L-Q T L I  5 2 0  
D O  336  Z 8 2 p N T  
L S ~ L B 8 + ( 1 - 1 )  * h S S  
L A = L A A + ( I - I I  * N S S ~  
L X r L X % + ( f - 1 )  *NS92 
C A L L  C b P V  ( A  ( L B G )  p A [ L R l  p b S S )  
C A L L  C O P V ( A [ L A A )   LA) , N S S 1 )  
339  C A L L  C O P Y  ( A  ( L x X )  ~ A C L X I  p h 3 5 2 I  
J2f l  I F  0 4 K , E P , f l )  G[) T O  34(6 
C A L L  P R I N T ( 1 2 H  M A T H I X I  b , I ~ I A ( L A A )  , h l S S l , N T I  
C A L L  P R l N T ( 1 2 H  M A T R I X :  B , ~ ~ , A ( L P ~ ] , ~ ~ S S ~ K T ~  
3 4 3  1 ~ t i 1 . 5  
R t T U R h  
Ebb 
PARAMETERS: 
A - V E C T O R  OF D I S A G G H E C A T I U N  P A R A M E T ~ R S ~  
hlEAN ( N S D ~ ~ T )  
SDEV CNSO*NTI  
Y X  ( N S ~ * P ~ S ~ Y T ) ,  13 ( N S D * N S * N T )  
Y Y  (NSn*NSfl*NT] , E ( N ~ O * N S ~ * N T )  
x u  ( N S * N S * W T I  
F 1  - Y A M E  OF H I s T O R ~ C A L ,  I N P - L I K E  F I L E 8  
FZ - 1dbME O F  H T S T O P I C A L ,  U U T - L I K E  F I L E ,  
MK - T R B C F  I N O I C A T f l H ,  
R E Q U I R F Q :  
C M A A  C O P Y   CUR^ ~ 1 1 - t o P  P R I ~ T  S E T P A H  S ~ T P T R  
STAND VECOP ZEROS 
C D M ~ ~ O ~ / P A R A ? ~ I ~ / ~ A  ( 9 1  , F Y A  (25) 
COMf i4Db/PARAM2/ I t3  ( H I  F N 9  ( 2 5 1  
dOMf-10h/PARAM3/bf ls ,  N T ,  N v ,  NP,  ~ I ~ ~ , N ~ D , ~ ~ ~ , N ~ ~ , ~ ~ S ~ ~ , N ~ ~ ~ , N ~ ~ ~ # ~ ~ S ~ ~  
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CALL V E C O P ~ A ( L A I  , A a L K I  P A  I L A I  , N S S r  1 I 
CALI, V E t Q p  ( F F  [!I , a C b Q )  r b [ L H )  , ~ S S I § I  
CALL v E C O F ' I F F ~ ~ I  , A ( L A I  , A ( L A )  , N S 3 , 5 ]  
CALL c Q P u l A ( L 6 )  r B f ~ ( 1 )  rNS91 
IF PK.NE.KI c e u .  PRINT 1 1 2 ~  M A T R I X :  R O Q ,  I Z , A ( L B )  , N S , ~ S I  
I F  [FIK,NE,O? CALL P Y I h f  ( 1 2 ~  ~ A T R I x :  HIP, l ? , A [ L A )  , k S , h ] S )  
CALL C M A B ( A ( L F ; l r ) p R P ( l I , A A [ l l r b L L A I p ~ S ~ N S I  
TF[PK,En,a)  GO T O  2Yd 
CALL P G I N T ( 1 2 H  ~ 4 T Y 1 X I " A " A 1 1 ~ , A A [ 1 ]  , N S p r d S )  
CALI, P R I N T [ 1 ? H  M A T e X Y t " B " A ,  l ? r B B ( l >  , V S I R S >  
U O  3 0 @  LL 'Lk3 ,LCpNSq 
L K a L I  + N Q 3 t  
CALL C B P Y [ A A t l l p A ( L K 1 , N S S )  
CALL C O P Y  (BbC l !  p 4 ( k b I  t N S b 3  
l A l l l a 3  
I A ( 2 1 8 2  
I A ( e l r i  
R @ T  L l R N  
E N D  
" n U T f 1  - P i ? T N T  I ;ENEEATED AhQ H I S T O R I C A L  S T A T I S T I C % &  
P A P A M F T F G q :  
A - v C C T I ~ G  OF S ~ A T I S T I C A L  Y A H A M E T E R S :  
r: E A kJ [ ;\I $ IC FJ 1 
:,!?EV (! \ lS*hT? 
5 k E W [ 5 IC I\I f ) 
6 1.197 ( h t g r h ~ Y ]  
TnSR-1- 4s-r& ( h ! S * h S * h 1 T )  
C O R M - C b G - 1  l Y 9 * 1 j l S s N T )  
F F l  - 6 I L E r r i r l \ i t :  9F S T A T I S T I L A L .  P A R A M E T E R S ,  
~6 - r r i a r c a r e k ,  

P A U A Y E T ~ ~ Q ~ ~  
q ~ )  - G E Q o I a E P  C i P F Q 4 T I D N l  
rqnt l  R E A B I ~ G  F R O W  F I L E  
V O = 2  k Q 1 T l N G  J h T O  F I L E  
- v F c w  O F  S T ~ T I S T I C A L  P A P I M E T E R S :  
P F b Y  I N S * N T ]  
511F J ( b 3 r h T )  
S q f d  f h 1 5 r c d T ]  
K Jk'T [ N Q L N T )  
~ ~ ~ G ' - ~ L > W ? I  ( h l S c h S * N f  ] 
C O 4 R - L A f : - l  ( N S t N Y e i d T )  
F 7  - F T L E N ~ M F ,  
Y P  - T R A C E  I b l l T C A T n R ,  
Q E M A Y K ;  
O P O E 8 I N C  Gf-  P A P A  4 F I E N  $ E L E L T I O W  F R O M  B A S I C  F I L E S :  
Y E P Q , ~ - P E ? I O P , S = S I T ~ , ~  
- S I T E . 2  
C Q E A F  i -147 A R€.CQSilSt k E S S D F k ,  AND N R I T E  I h f  0 OUTPLIT F I L E ;  
C 
D O  281  l a I F , I t  
F Y e l  
80 a@? J a f  s N $  
2 d 3  CALL k I L E O P [ 2 , R [ l ]  , 2 s l B + J )  
K 1 5 I F T V f H  ( 2 1 1  
CALL F l L E O P ( 2 , R 1 3 1 r b ~ I K 1 ~ I l @ t J ]  
I F ( R I Y 1 * F Y j 2 @ 3 t 7 D i 4 r 9 0 P  
7L30 I F  (K1mF11203p?591p7i!@ 
750 C A L L  C b ? Y X ( ~ f 3 ) p Q ( J l  plpNSp 1 p M T )  
G O  18 2 P 2  
7 2 8  K N = L K  t K  11 / L  
I F ( K h * L , N E , L K l K I l I  G O  TO i?g5 
D O  23k' K I s J p ~ S T p ~ S  
Ssfl.0 
P D  ?urn ~ 2 3 1 , ~ k  
K . K + l  
S r S + R  o ( 3  
Q [ K l !  r S / F L 0 4 T  [ K b ?  
CnNT 1 r i l l e  
I F ( M K , N E ~ P )  CbLL P f ? I N T l @ , - j  , b t i )  , h f i r N T 3  
CALL F T L E O P ~ ~ , Q [ I I , " ' S T , I )  
C L O S E  F I L E S :  
CALL F I L E P P [ ~ , F N C ~ I ~ ~ , ~ )  
0 0  204  I*I,NS 
CALL F I L E Q P ( ~ , T ~ l , I l  , S t  lB+1) 
R E T u R ~  
AfJR 26 1 6 t l R  1 9 7 6  er1RP.F P A G E  1 
P A R A M E T E R S t  
M T  - T Y P E  [IF ~ R A N S F ~ R M P T I U ~ :  
K r m a  wn T ~ ? A N S F O R N A T ~ Q N  
M T 8 i  L O G  T ~ A N S F U R M ~ T I D I > J  
MT.2 5 0 H T  T Q A N S F O W M A T I O N  
M T 8 3  C F R T  T R A ~ S F Q R K A T X L J N  
M T 8 - 1  f .XP T Q A N S F D Q M A I I ~ N  
@\T.-2 8QR T Q A ~ S F ~ R M A T I ~ N  
M r r - 3  2113 T ~ ? A ~ J S F O R M A T I ! A N  
F I  - F I L E N A M E  O F  O P I F ~ N A L  D A T A ,  
F Q  - F I L E h A M E  OF TRANSFnQMEL)  D A l b ,  
M 6  - T S A C E  I b O I C 4 T Q R .  
C ~ ~ ' M O M / P ~ Q A M ~ / % ~ F , I I I S ~ ~ ~ ~ , ' Y ~ I L ~ Y  I F ,  IT Ib ' r * l ,Fh l (Z5 )
O Q M P O N / U O Y  K 1 / R  (bm]  
O l M E N S I O N  I H ( 6 )  
E Q l l T V a L E N C E  ( I h f l ) ,  I D F  1 
CALL F I L E O f " C 1 , F I C l ) r l r l I  
C a L L  S E T P A R ( ~ I 1 p ~ H I l l ~ B , l )  
N I a - M T  
h S T = N S t b l T  
C A I - L  F T I . F O P [ ~ l l ~ 0 ( l ) ,  1 1 2 3  
L A L L  5 E T P A R ( ? , ? , I ~ ( l ) , I D F p ~ I  
Pu 2O? 1 ~ 1 , t ~ Y  
CnLL F I b S O P t 2 , k ' l l l r ~ S T 1 1 )  
n o  uan  n.1 , N S T  
X a F ? ( K )  
TF [WT)  5 8 9 ,  7G'Plhmq 
2r1 T U [ S 1 0 , 5 2 0 1 5 3 8 ) r M I  
X 3 E X P I Y 1  
Go T O  dc'0 
x = x * ) I  
G O  TC) b t p l  
x r X * X * Y  
G! i  TO 40m 
G O  VO[61~,b20,h381,Mf 
% E A L Q G  f X 1  
Gr! T O  4001 
Y n S C R T  ( X )  
G9 T O  4BQ 
X B E X P [ ~ L O G  t X 7 1 3 . J )  
W [ d ) n X  
I F  ( M K , N E , ( d ]  C A L L  P * I b T I U L I  T K F , U , R ( l ]  t b ' S , h l T I  
C A L L  F I L E O P ( 3 p Y [ l )  , Y S T , 2 1  
C A L L  C X L E O P ( 4 ~ ~ I t 1 l ~ i ~ I l  
CALL F I L E O P I ~ , F D ( ~ I , ~ , ? I  
R E T U S N  
khD 
" C H E C K "  C U Y P 4 2 I S O N  OF P E S C ~ l P T I I 3 h  S E C O Q n S ,  
P A R A M k T E R S l  
I A -  I > E S C R I P T I C J ~  H E C Q R O  A R ~ A ,  
L  - S T A P T I b l G  INOEX, 
K - F I N 4 L  I Y D E X ,  
C[~MMO~J/PARAMI / I A  ( 8 )  
I F ( K , G T D L )  G O  TO 90B 
f iC Z @ P  I * K , L  
I F ( I A ( l ) , h J E , l B ( l ) I  Go T o  90u 
C f l h l T I h i U E  
R t  T U R N  
dRITE ( b , l a e )  
f 9 R M A T  1 / / / 2 2 H  D t s C R I P T I  O N  k E C O R n S :  1 
~ ~ I T E ~ h , l l Q )  [ I , I A [ I ) , I R ( I 1 ~ 1 ~ 1 , 8 1  
F d G M 9 T [ 1 % , 1 3 r 2 H t  , 2 1 8 )  
S T O P  
E R U  
P A R A M E T E R S :  
X X  - M A T % I X  N * N ,  
Y Y  - M 4 T g I X  h*M, 
X Y  - M A T R I X  N t M ,  
Y Y  - T R d ~ s p ( k Y 1 ,  Y A T Q I X  M * N t  
N - S I Z E  OF k X  % A f R I n ,  
M - 5fzE OF Y V  M A T R I X ,  
R E M P i l K Q :  
~ ~ T w f x  v v  IS H E P L A C k D  B Y  C O M P ! J T E D  M A T R I X  9. 
M A T R I X  % Y  IS REP LAC^? 9Y C O M P U T k D  M A T R I X  A .  
M P T R T W  Y X  X S  W E P L A C t D  8 1  COlqPUTED P A T M I X  L a  
I k S T F A n  CIF X Y ,  T H A h J S P t Y X ]  15 l J S k 0 ,  
C A L L  H I r ~ v ( x % ( t )  , ~ , 1 ~ r ~ ~ ~ ( l ) , J ~ ( l ] ]  
C H E C K  Ot f E R t 1 X Y A h ; T :  
I F  ( a k I S [ U )  , G k e 1 E - 1 8 1  G t i  T O  
C A L L  P R I N T ( 3 b Y  " C M b 9 "  - I ' q ~ u F 7 e F c T  M A T F I X  I ; J V E N S I ( 3 N I J 6 , ' P r m 1 , i E )  
S T O P  
CALL M ~ ! J L I C Y X ( I ] , X X ~ ~ I ~ Y Y ( ~ I , M , N , N )  
C A L L  q M l J L T ( X Y  ( 1 1  r Y i ( l l  , k X L l l  , f l I Y , - ( c l I  
CALL v E C o P t v v ~ l ~ , X ~ ~ 1 ~ , X X ~ 1 ~ , ~ * ~ , 2 ~  
C l l C Q P Y ' l  - C O o V I N t  V E C T O R S ,  
c 
S!JBC)DI,TIhlE C O P Y  ( A I  B I  bI1 
D I M F N S I ? N  A t 1 1  1 @ ( 1 )  
C 
c P A k 4 H E T t R S :  
c A - S O I J R C ~  v E c T u R ,  
C R - R E S U L T I N G  v t C T n H ,  
C - SIZE O F  " A "  b N n  " 8 "  v t C T f l Q S ,  
C 
I F  ( p u )  1 J " ' r 2 $ 6 , 3 @ f i  
1@6? M I - N  
D O  150  I . i r * \  
1 5 0  B [ l ) # - A ( X )  
RETLlQN 
3PGl 00 3 5 0  l a 1 l M  
35@ R ( l l = A C I )  
?@PI RETI!HPr 
FNL 
S o l  
J J o L * " r  
D O  280 J g l , J J I L  
C A L L  C f l P Y [ A ( I ) , H ( J I , ~ l  
I o I + N  
P E T U W h  
EhD 
P A R A M ~ T E R S  I 
Y - V E C T O R  UF X U A T A l N l * q 3 ) ,  
Y - V E C T O Q  OF Y I ~ A T A ( ~ ; * ~ 3 1 ,  
k - V E t T O 4  @ F  C S R R - C O E F F  [ h l l * N 2 * P J 3 ] ,  
N l  - S I Z E  OF SlJhVECTUq I N  X ,  
'42 - SIZt OF J I J S V E C T ~ K  I N  Y ,  
'43 - I * I ! I I ~ ~ ~ E ~  @ F  3 U f l V t C T ~ l k S  X I J  X AN(, I ,  
M - ~ ~ Q L ) E .  
4 P H  30  l @ : P O  1 9 7 6  9 : E C O Q M . F  PAGE 1 
1. 
C  P A R A Y E T E Q S :  
C  A - V E C T r j R  OF S )  A I N ~ ) A R B I Z A T T O N  P A R A I ~ F  TkRg:  
C MEAN T&S*PJT] 
C S O E V  ( d S a ' J T 1  
C  Y - V E C T O R  OF COH@F.LATIClM C U S F F I C I E N T S :  
C  c n S n - ~ A C - g  [ ' d S * h S * X T  ] 
C C O S i ? - L 4 G - l C N S * u S * h T ]  
C F - I W P L I T - F I L ~ - ' J A ~ * ~ ~  
c FJ - D E S C R I P T I O N  R k C U R n  4 R t b l  
C K - C Y C L I C  S H I F T ,  
c b*1 - MOI)E,  
C 
C  REnL I IREn :  
C C O P Y  CQ86 F I L E O P  S t T P A R  S E T P T Y  VECnP 
C Z E R O S  
C 
C U M ~ ~ ~ N / P A # ~ V ' $ / N S # ' ~ T ~  h,Y , l \ r K , N b ~ t M l  , I ~ ~ , M S T , M I ~ , E ~ , ~ $ S T , L  
C O M ~ ~ : J / * C I ~ ~  1 / A  (7mI 
O I M k N 3 Z n P I  FF ( 1  j 
EQIJIvAI ,ENCE ( F F  ( f  j F ' f )  
CALL FIbE3P[lpF[ll o l , l l  
C A L L  S E T P A Q I l , I , Y C 1 1 , ~ , 1 )  
C A L L  S E T P T R ( r d ( 3 4  ,\J(Ul , N f 5 1  , K 3  
M l o P d S K + l  
Mi?sl \ lST+1 
M 3 o F , S $ f + ' l  
CALL Z E E O S ( H  ( 1 )  2 * $ ' J S S T )  
IF[%) 1?? ,12Fc  ! J R  
59;11 J a M 1  
I C M ?  
14VI J a J - 4 7  
I F [ 9 1  1 2 f l p 1 2 0 p ! S E  
15'3 I ~ W A X V ( ~ ~ ~ - N S ]  
17QJ L.I+NFT 
C A L L  ~ E C ~ ~ ~ A ( I ~ , A ( L I , ? ( J ~ ~ Y ~ , ~ J  
G o  7 0  l o g  
1 2 0  o a  1 9 ~  1 8 1 , ~ ~  
CALL F I L E O P ( 2 , ~ ( M l l , ~ S T , 1 1  
C A L L  V E C O P ( A l l I , b ( ~ 2 I , R I ~ I ~ , N ~ T , 3 1  
CALL C O G 9 ( R [ M 1 ]  , R ( i ~ l ) , t 3 ( 1 )  , ' I S , Y S , ~ T , D I  
IF ( M , ~ U ~ ~ ~ , A N ~ , I ~ E Q , ~ I  G O  TO 590 
CA1.L C ' l U P [ @ ( l l  , W [ F 4 1 1  ,@(P'3)  r i J S , h ~ S , ~ T , d l  
l 9 o  C ~ L L  C O P Y  ( S  ( H Z 1  , W  (13 p ~ S n )  
C A L L  F I L E O P C 4 , F C l l  n l , l l  
F Y = l . P / F L O A T  ( Y Y )  
C A L L  C O R ? ( F F ~ ~ ) ~ ~ ~ ~ I ~ ~ [ I ) , N ~ , ~ ~ S ~ ~ ~  8 1 1  
I F  ( 1 4 , E Q , 9 ]  F Y I 1  , B / F L r J A T  ( f J Y - 1 )  
CALL C O ~ R T F F ( ~ ] ~ ~ [ ~ ' ~ I , ~ [ M ~ ) , P I J , ~ S , Y T , ~ I  
RETLIWN 
E N D  
U U U U U U U U U U U U U U  U U U  U U U  
APR l o  1 6 1 0 9  1 9 7 6  y t F 1 L E O P . F  P P G t  1 
P A R A P F T t R Q t  
- MQPE OF ~ F E R A T I O N I  
M s P  S E T  t . X C E P T I U N S ,  
h s 1  O P E N  F I L t ,  
M 8 2  R k A D  R E C O R D ,  
V C ~  W R I T E  R E C O R D ,  
M * u  CLOSk F I L E 1  
A - F I L E N A M E [ M I I I  O R  RECOHO A R F A [ M ~ ~ , J I  
L - L C I ~ G T H  OF A 
- P G ~ G Q C L V  ( c Q G I C A L ]  F1 l . t  N U M H E R / F I L E - O P ~ G A I I Q ~ ~  T * A T : t  M O ~ E :  
M a 2  AN9 N a g  h O  T Q A C E  
N E - 1  OPEN-CLOSE F I L E  T R A C E  
N a 1  O f ~ E k - C C 0 j t  F I L E ,  S E ~ n - v l t ? l T k ,  W k C O R b  TRACE 
I E R R Q R  => P n P  ~ o R T ~ A N  F u ~ v C T I ~ N ,  
S E T F T L  - PDQ FCIuTRAh S I I ! ~ R O L I T I ~ ~ ~ ,  
L 
X F t M I  Z P 1 1 2 0 2 1 i ? j 7 p l  
C 




C Md o F l b E - O P E R 4 T X O N ~ T H B C F  I N D I C A T O R ,  
C 
I F  ( X E R R C 2  (102) ,NE,U) 60 T O  9md 
SF (IEkR03 [ l 8 3 )  , N E , B l  Gn T  0 9Q3 
I F  ( I E R R n R  ( l Q 4 )  . k t  , @ I  80 T O  9fl4 
PETURKI  
C 
C F I L E  O P t i R A T f O N S I  
c 
2 P 1  Y a - F  
2aB G O  T n ( t 1 f l , 2 2 8 t ? 3 ~ 1 Z 4 @ I l M  
C 
C OPEN F I L E :  
C 
Z I P  C A L L  S E T F l L [ N , A )  
I F  (MK,€Gt,B) R E T U R N  
w ~ I T E [ 6 , 1 5 ! ) N , A C l )  # A t 2 1  
1 5 1  F ~ ~ R M A T ( " ~ P E w  F I L E 8  " I T ? t 3 X , d A 4 ]  
R E T U R N  
C 
C ~ E A O  ~ F C O R D I  
c 
22L4 f i E ~ O ( ~ 1  [ P [ I ) , I ~ ~ ~ L I  
I F  t M K , L E , B )  R E T U R N  
~ R f f E ( 6 ~ 1 5 ~ ) N ~ L  
F D R M A T [ "  R E A D  F X ~ E l " , 1 2 , 1 5 )  
RETLIRN 
C L O S E  F I L E !  
E h D F I L E  (hl) 
I F  ( M K , E O , @ )  R k  T U R N  
W R I T E ( b f  l 5 4 ) k  
F O R G ~ I T [ ~ ~ C L O S E  F I L k l " r I 2 )  
RETURN 
G R I T E C 6 t  la21 
 FORMAT[/^ C A N ~ O T  C R k 4 f t  OUTPUT F I L E M ]  
G O  TC! 99n 
k J R I T k / b ,  1 8 3 )  
F O R R A T ( / "  CANNOT O p t N  1 h P U T  F I L E ' ' ]  
GLI TO 998 
W M I T E  ( b r  l P 4 1  
€OF I N P U T  F I L E " )  




A P R  1 4  1 U t U 3  1 9 1 6  ~ ' IMATUP,F  P A G F  1 
DO 3 6 3  IsloMPJ 
c ( r 1 8 a ( r 1  
b A a A  (11 
J a H + I  
0q 333 T a l , M N I J  
C ( I l r C I I ) + A A  
R E T U R N  
AP3 3 3  a s r 4 P .  1 3 7 6  Y l ~ 9 u L T . f  PAGE 1 

e ~ P Q I ~ T ~  - G E N E S P L  P R I Y T  S U P ~ ~ U T I N ~ ,  
C 
SI!HWOUTINE P R I N T t T r L , 4 , M , N J  
O I M E N S l O M  ' f 1 1 1 , 4 [ 1 )  
C 
C P 4 Q P q E T E R S I  
C T - V t C Y B R  C O N T A I N I N G   HEAD^^ TEXT, 
C L - NLIMRER DF CnbRACTEQS I d  T-VECTOR, 
C A L V E C T O R  T O  R E  P R I N T E S  114 M e T R l X  F O H Y ,  
C M - N I J M R E R  C P  ~ { l w b ,  
c Y - N I J M R E R  q~ CObuMNSm 
C 
C R E M B R I <  I 
C I T  f $  A S S L J ~ E ~  ~ ' 1 4 ~  G N E  S T W R A ~ E  J ~ I T  C Q N T A I N S  4 C H A H A C T E ~ S ,  
C 
I F  (13 2 C a 1 2 @ 6 , 3 @ 8  
9mn u s  ( L + 5 )  / 4  
~ k ~ T k t b p 1 @ 8 )  ( T I I l , I s i , K l  
f0@ F O R M A f r / 2 5 4 4 1  
2d1J I F ( l d 3  3 1 D , 3 Q f l , 3 2 @  
3 2 B  W R I T E  [ b P  Z1C) ( I  I 1.1 r W I  
118 F O R M ~ T ( / f b ~ , 1 4 1 I 7 , l t ' f I ) I  
IF1M.L-?,a) G O  T O  
M ~ ~ P M I ~ ~ N  
Did I?!IVI X. l ,k  
25U W Y Y V E [ 6 , l i ? C l ] X ,  ( A [ K )  r f i r I p M ~ ~ , M )  
120 F O R M A ? [ I Y , I 3 , ? H I  , l J F 8 , 2 / ( h x , l 4 F B m 2 l I  
R E T I ) R i \ l  
3/91 N*-tv 
wh 'TTE(6 ,  l S @ ] T l l l , r d r h  
130 F O R M A T f / l / i 2 d  S U Q R D U T I ~ E  , A ~ , ~ B ~ V I ~ ~ L A T I @ N : , I ~ ~ ~ ~ / , I ~ )  
3R)2 S T O P  
30f l  I F [ l q I  3 0 2 r 3 9 9 , 3 @ 1  
3 0 1  a R I T E ( 6 , 1 5 0 ] ? ( l ) r M  
158  F O R M A Y ( / A O , I ? )  
3 9 9  R E T U P h  
l l Q Q  M m ~ b t  
D O  45D I" ,Y 
1 2 ~ 1 f i b  
& l ~ 1 2 = h ' + l  
U s @  WRITL [ h ,  1 2 0 ) I l  ( A ( K )  I ~ B I I , I ? )  
QETUPhl  
E N 3  

c ' IREAD"  - H E A O I N t  P A R A h t T E Y S  FUw I l W A I N " ,  
C 
S U 9 R O U T I b E  R E A b ( I T , 4 , L I , * l  
D I M E N S I G N  A ( 1 )  
C 
c P 4 R A W E T E i ? S :  
C 1 T  - PARAMETER T Y P E ,  
C A - ~ ~ E S I J L T I N G  V t C T O k  O F  P n # a M E T E R S ,  
C b f  - NUMdCR O F  E b E h t ~ T S ,  
C iJ - H E Q I J I Y E C )  L E A 0 I I “ I L  Q T Q I Y b ,  
C 
E Q L I I V A L t ' " 4 C E  I K  T )  
LsIr*LI 
o a  2 a e  P ~ , L , I T  
J F  ( IT ,F15.51 G@ T O  
I F ( I T , E I ~ . ~ ~  Gu T O  : A @ @  
R L A O ( S , l Q f l ) S , ~  
i d f l  F O R M A T  ( A U ,  1 4 1  
A r l ) = f  
2 5 8  I F ( S . E Q , w ]  G O  T O  2r4K 
N R I T E  [k,ISQ) S t  w 
190 F O R M A T ( / / / 1 2 m  P A R P ~ ~ E Y ~ ~ S ? ~ A S ~ ~ H ( , A ~ , ~ H ) )  
S T O P  
3 d d  K @ I + U  
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